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Foreword 


college textbooks on biology. Most of the existing books emphasize only 

the descriptive aspects of the subject, largely ignoring the newer and 
more fundamental concepts. This is, in part at least, responsible for adversely 
influencing the public image of biology and for relegating it to a subordinate 
position in the list of sciences. No thinking person can doubt that biology 
profoundly affects the life of all human beings and its study is one of the most 
essential requisites of every responsible and intelligent citizen. Further, the 
study of biology must begin right in the school as an integral part of any 
course in science instead of being postponed to the college or university stage. 
The pupil’s choice of the subject of his future study is determined, to a large 
extent, by the courses he has attended in school and by the type of text matter 
presented to him at this stage. 


Fo several years I have seriously felt the lack of good school and 


Recognizing the above facts, I readily accepted the invitation of the 
National Council of Educational Research and Training to act as Chairman 
of the Panel set up to prepare a new and modern textbook suited for use in 
Indian Secondary Schools. 


The present pamphlet is only the first section of the textbook. It 
deals with ‘Some Basic Facts About Life’ spread over nine chapters. The 
subsequent sections will be brought out in due course and when they are 
all ready the book will also be produced as a single bound unit. 


It may be noted that there are several ways of approaching the subject 
of biology, each having its own merits and demerits. The editors and 
members of the Panel are convinced that a wide acquaintance with a number 
of different kinds of organisms, their activities, their habits and their tissues 
and organs, is essential and basic to the understanding of the general concepts 
of evolution, ecology, heredity, and cell physiology. This approach, in their 
opinion, combines not only the pedagogical advantage of proceeding from 
the known to the unknown but also prevents students from getting lost in the 
intricacies of the more advanced aspects of biology. 


vi 


Although evolution is treated separately in two chapters, an bee ce 
has nevertheless been made to acquaint the student with this all perv Baixo 
Principle during his study of the world of life. Biological phenomena 
common to plants and animals have been discussed to: 


Technical terms have been kept down to the mini v H 
use is believed to contribute to easier communication and understanding. 


Important biological discoveries have been dealt with in a historica 
Perspective to give an idea of how science progresses. 


gether as far as possible. 
mum except when their 


Tt has been our objective to present the subject in an understandable, 
stimulating and instructive fashion. We shall appreciate receiving comments, 


criticisms and Suggestions. These will be taken into account in bringing out 
a revised version of the book, 


The original drafts 
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physiology. Two school teachers—Mr. S.M. Sharma of the Harcourt 
Butler Higher Secondary School, and Miss Katherine Bolton of St. Thomas 
Girls’ Higher Secondary School—went through some of the chapters and 
offered several helpful suggestions. Most of the illustrations were made by 
Mr. D.M. Sonak. The help received in the form of photographs and other 
copyright material is acknowledged in the captions. 


I must add that the book might never have seen the light of the day 
but for the constant help and generous cooperation of the following 
officers of the National Council of Educational Research and Training: 
Shri Raja Roy Singh, Joint Director; Shri P.N. Natu, Secretary; Dr. R.N. 
Rai, Head of the Department of Science Education; Mrs. S. Doraiswami, 
Chief Publication Officer; and Mr. S. Doraiswami, Secretary of the Biology 


Panel. 


Delhi P. MAHESHWARI 
September 1, 1964 Chairman, Biology Panel, 
National Council of Educational Research and Training 
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Preface 


energy, synthetic plastics and fibres, and exploration of space, the study 

of living organisms, their functions and their importance is frequently 
minimized or overlooked. It is often forgotten that the primary aim of 
science, apart from the satisfaction of intellectual curiosity, is the survival 
and welfare of man. Nothing has contributed more to human welfare and 
to the very emergence of man from his early animal behaviour, than the 
knowledge of plants, animals, and his own body. It is said that there are 
four chief ravages of humanity—diseases, wars, famine, and now over- 
population. From man’s point of view, therefore, biology is the most 
fundamental and important of all the sciences. It affects vital state policies 
on matters like conservation of natural and human resources, radiation 
experiments, population control, quarantine and health programmes. Biology 
also helps us answer such personal questions as: what determines sex; who 
is responsible for the sex of the baby—the mother or the father; how are 
twins born; why do babies resemble their parents; how do we acquire 
immunity against a disease; why do we become enfeebled in old age; how are 
plants and animals interdependent; and so on. Sanitation, nutrition, pest 
control, and other attributes of intelligent citizenship—all require a biological 
background. Finally, biology—a study of the unity as well as the diversity 
of plant and animal life—is an intellectually enlightening and aesthetically 
satisfying experience. Indeed, in view of its importance in everyday life, 
biology should be made a compulsory subject for all school boys and girls. 
For all this we need adequate textbooks which present the subject in a 
satisfactory manner keeping in view the needs of the country for which the 
book is written. The present book is an attempt in that direction. 


T the midst of the present remarkable achievements in rocketry, nuclear 


Should Botany and Zoology be Taught as Separate Subjects? 
The book adopts, in so far as possible, a common treatment of plants and 
animals and attempts to emphasize the basic unity in the organization and 
functioning of living matter. This might appear at first sight to be rather 
undesirable to those who are used to teaching botany and zoology as separate, 
well-defined subjects with little or no similarity. They might indeed question 
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the commonness between a cow and a neem tree. 


To such critics we owe 
an explanation right in the beginning. 
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Thus, the emphasis has largely shifted from a descriptive and morpho- 
logical treatment to the functional aspects. It is apparent that if we continue 
to train our students only in 19th century biology, as indeed is being done 
in most of our schools and colleges, they will find themselves unsuited to the 
future needs of the scientific world. 


The Need For Change. One factor which makes the present courses 
rather dull is that their contents are mostly or entirely descriptive. W 
think that the morphological part must still form the basis of biology anı 
has to be done well but this cannot be the only part and that physiology, 
ecology, evolution, the interrelations between plants and animals, and the 
role of biology in human life are subjects that cannot be left out of consider- 
ation. A large fund of biological information acquired during the present 
century finds no mention in most Indian texts, nor do they provide any 
information about the interdependence of plants and animals. Indeed, 
many of the existing books are as much as 50 years behind current biological 
thought. Itis perhaps true that some aspects of biology, involving a rather 
intensive knowledge of chemistry and physics, are too advanced and compli- 
cated to be understood by the school student. However, recent tests on the 
learning potential of young students have clearly shown that the general 
principles of physiology and genetics can be effectively taught provided a 
simple and popular approach is adopted and there is some demonstration 
material for illustration, For instance, problems like—what happens in 
photosynthesis or respiration and how living organisms respond to external 
and internal stimuli—elicit greater interest in the minds of students than 
learning the characters of a family of plants or describing the pectoral girdle 
of frog. Similarly, on the practical side, the young student will take much 
greater interest in experimenting on the digestion of starch by an enzyme 
than in sketching. the shapes of leaves and bones. It would be appalling 
if a school student should get the impression that biology is nothing more than 
cutting up frogs and collecting hay, or just a system of naming plants and 
animals in unfamiliar language. * 


It is sometimes argued that our textbooks are already encyclopaedic 
and that it is hardly possible to add more material in view 
disposal of the students. This no doubt poses some diffi 
knowledge is doubling itself every 10 to 15 
has provided far more scientific informatio 
knowledge must naturally be incorporate 
so as to become a part of our everyday thin 


of the time at the 
culty because scientific 
years. Indeed, the 20th century 
n than the last 5000 years. This 
d into broad biological concepts 
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Another surprising factor is that past courses in India in this subject 
have virtually excluded the study of human biology. While the students have 
been studying in detail the various types of roots and stems as well as the 
smallest bones of a frog, they remained wholly ignorant of their own body. 


The Book. The book has been divided into seven, more or less 


independent, sections. In the first section the student is introduced to the 


subject matter of science, particularly biology, and the characteristics of the 


living matter. A glimpse of the variety of plant and animal life prepares the 
student for a more detailed study of these forms in the second and third sections. 
The fourth section treats the main physiological processes in animals and 
plants in a simple way. The fifth is devoted to a compar. 
different modes of reproduction in the plant and anim: 
evolution and ecology form the sixth section of the 
the book covers topics like human diseases, 
animals and the role of biology in human v 


ative account of the 
al kingdoms. Heredity, 
book. ‘The epilogue to 
, interdependence of piants and 
velfare. 


We have much pleasure in 
teachers of the Higher Secondar 
Suggestions for improvement in th 


presenting this book to the students and 
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HE twentieth century has sometimes 
Ah been called the atomic age because 
of the great strides that have been 

made in atomic research for peaceful as 
well as destructive purposes. Space age 
is yet another expression for this century. 


Man has gone round the earth in space 
ships and it is hoped that people from this 
planet will soon be able to visit the Moon, 
the Mars, and other planets. 

Although the expressions atomic age and 
space age aptly describe this era, it would 
be more correct to call it the age of science, 
for in addition to the achievements described 
above, many more and equally significant 
advances have been made in other branches 
of science. 

Our lives today are more comfortable 
because of science. Our forefathers travelled 
in bullock carts and took weeks to go short 
distances, whereas now-a-days we are able 
to go round the world in a few hours by 
plane. Dreadful diseases—such as smallpox, 
pneumonia and tuberculosis—have been 
brought under control to a great extent. 
The radio brings us the voices of people 
from different parts of the world. To these 
few examples you can add many more. 
You have only to look around you—in your 
home, in the streets, in a modern farm, 
in mills and factories, and in laboratories— 
to realize that science influences man’s life 


in many ways. Though the results ofscienti- 
fic research may be put to destructive uses, 
especially by unscrupulous politicians, the 
primary aim of science has been to give 
mankind greater security, better health and 
a happier life. Science has also helped us 
understand Nature more fully and banish 
our superstitions and fears. Yet, what 
exactly is Though we know 
how the word ‘science’ was coined (science 
comes from the Latin word scientia which 
means knowledge), a precise definition is 
not easy. 

Many definitions of science have been 
given. Two of these appear to be more 
appropriate. First, science may be regard- 
ed as a search for the reasons of things. 
The second definition calls it systematized 
knowledge based on facts or truths known 
by actual experience or observation, Jointly 
these definitions give a fairly correct idea 
of what is science. The child who pulls 
a watch to pieces just to know why it 
ticks is not a scientist, for though he 
is looking out for the causes of the 
ticking he is not doing it thoughtfully òr 
methodically. He cannot draw any con- 
clusions from his act. Science consists not 
in merely trying to know how things 
happen but in organizing the knowledge 
thus obtained and making it available to 
others. eae Tes 


science ? 


2 CHAPTER ONE 


The Origin of Science 


Science can be traced back to the time 
when primitive man tried to explain natural 
occurrences such as a shower of rain, the 
thunder of clouds, the growth of a plant, the 
hatching out of a chick from an egg and so 
on. The explanations given for these occur- 
rences were often fantastic or supersti- 
tious. For instance, rain was regarded as 
the tears of heavenly beings, and thunder 
as sounds made by quarelling angels ! 
Although the explanations were often ridi- 
culous, they indicated that man had started 
on his search for the causes of natural phe- 
nomena. Since then he has been conti- 
nuously discovering new facts, and putting 
them together to obtai 
of the world and of th 
plants that live in it. 
collection of facts does 
unless they are based on 
scientific method. Ther 
in this method, but oft 
be solved without using 


n a correct picture 
€ men, animals, and 
However, a mere 
not form science 
what is called the 
e are several steps 
en a problem can 
all the steps. 


Steps in the Scientific Method 


1, Recognizing and defining 
Problem to be solved, The scien 
method starts with reco} 


the 
tific 
gnizing a problem— 


Something which arous 


3. Making guesses or hypotheses 
based on the collected information. 
Based on facts and past experiences, one 
thinks of as many possible answers as one 
can. This step appears to be unscientific 
because it involves guessing. The guesses 
are called hypotheses. From these the one 
that seems to be the most correct is selected. 
This is sometimes called a ‘working 


hypothesis’ because from this one works 
forward. 


4. Experimentation, This is the 
hardest step in the scientific method, A 
hypothesis may appear to be correct, but 
unless it is proved to be so, it cannot be 
accepted as a scientific fact. Experiments 
are the means by which scientific facts are 
established. Often the plan of an experi- 
ment needs to include a ‘control’, A con- 
trolled experiment requires two identical 
experiments in which every condition is the 
Same except one. Suppose, for example, 
you want to test if a given Sample of seeds 
will germinate earlier in dark than in light. 
In doing this you take two similar pots and 
Sow an equal number of seeds in each 
from the given sample. Put one pot in 
a dark chamber and the other in light. 
The latter is your control pot. In the two 
experiments all the conditions are similar 


except the one whose effect you wish to 
study, namely, light, 


5. Drawing logical conclusions, In 
this final Step one evaluates the 
his experiments 
his hypothesis, 

theses are thou 
experimental re: 
one makes a 
which is an 


results of 
to see whether they justify 
If they do not, new hypo- 
ght of and tested. If the 
sults support the hypothesis, 
general statement or a P 


rinciple 
answer to his original q 


uestion. 
- These are. .then, the 


Scientific method. . Y. 
method.. 


steps or elements of 
ou.cam use the same 


in solving even your evéryday 
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problems since it is the most systematic and 
sensible approach. 


Pure and Applied Science 


Some scientists take pleasure in doing 
research for the sake of a better understand- 
ing of Nature. They perform experiments 
mainly to satisfy their curiosity. They are 
not concerned with the practical applica- 
tions of their results. The activities of 
these scientists are called pure or funda- 
mental science. 


Other scientists prefer working on pro- 
blems which are primarily concerned with 
giving man new and better products or 
services. This type of work is called 
applied science. 


What type of research would you prefer 
to do? ‘The applied research’ is perhaps 
your answer because it seems to offer greater 
comfort and easier life to humanity. True, 
most modern amenities are the inventions 
of applied scientists but the long history 
of science reveals that the greatest benefits 
have resulted from researches that were 
carried out to satisfy curiosity rather than 
with a hope of gain. You will have a 
chance to read about such discoveries in 
some chapters of this book. 


The Scientific Attitude 


The pursuit of scientific method calls for 
a special way of thinking and acting towards 
ideas and events—the scientific attitude. 
Now that you have also taken up the study 
of science, you will naturally try to cultivate 
such an attitude. Even though you may 
not plan to follow a career in science, this 
attitude will help you live more intelligently 
and become a worthy citizen. 


A scientist is full of a lively curiosity about 
the natural things happening around him. 
He seeks to learn the causes of all pheno- 
mena. He firmly believes that every 
occurrence, however strange, has a cause 
or basis. Whenever someone calls a thing 
mysterious, all that a scientist means by 
it is that we do not yet understand it fully. 
Any statement, not supported by adequate 
proof, does not satisfy him. That is why he 
pays no attention to the tall claims of the 
healing powers of quacks (Fig. 1.1). When- 
ever afflicted by a disease he goes to a trained 
medical practitioner (Fig. 1.2). 


A scientist’s ideas about things are never 
fixed or unchangeable; he is prepared to 
revise his opinion if a more complete know- 
ledge of the subject demands it. 


A scientist does not believe in supersti- 
tions. He is sure that these are the result 
of wrong judgement and the lack of a proper 
control experiment. A person with a scienti- 
fic outlook boldly rejects such supersti- 
tious beliefs as: people with skin of one 
colour are superior to those with skin of 
another colour; breaking a mirror will bring 
bad luck; or living in a room numbered 13 
will result in illness or poverty. 


In solving his problems the scientist does 
not follow a careless and hasty approach. 
He prepares and carries through a careful 
and complete scheme of work. He makes 
his observations carefully, accurately and 
honestly. He is determined to weigh all 
the evidence before arriving at any conclu- 
sion and makes sure that his evidence is 
sound, sensible and complete enough to 
justify his conclusions. 


A scientist’s personal likes and dislikes 
do not influence his judgement. He ~is 
never_in a hurry to draw conclusions; 
he has the patience to wait and collect 
more evidence to find a true answer. 


CHAPTER ONE 
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Fig. 1.2. 


A modern doctor. 


Why does she command more respect ? 


Courtesy of the United States Information Service, New Delhi. 


SUMMARY 


Ours is the age of science. Science is 
a rapidly advancing area of systematized 
knowledge. Its impact on humanity is 
felt in every walk of life. 


The large body of scientific information 
is based. on work done according to the 
scientific method. This involves several 
steps: defining the problem, making preli- 
minary observations, suggesting a suitable 
hypothesis, experimentation, and drawing 
logical conclusions. The conclusions serve 
as foundations for new scientific studies. 
The scientific method can also be profitably 


used in our daily life. It teaches us to draw 
conclusions after careful study, and not 
before collecting and analyzing the facts. 


The true scientist has a scientific attitude 
towards his work. Curiosity, disbelief in 
Superstitions, open-mindedness, patience 
and courage are the chief elements of this 
attitude. 


Scientific experiments done merely for 
providing an explanation of a natural 
phenomenon are as valuable as those done 
for immediate gain, 


CHAPTER ONE 


QUESTIONS 


1. What is a control experiment? Devise 
control experiments to test the fol- 
lowing : 

a. Ifa cat crosses one’s way, one is 
bound to have bad luck. 


b. Butterflies are attracted towards 
flowers because of their colour 
(red and orange) and not because 
of their sweet smell, 

G5 


Plants use up a part of the soil in 
which they grow. 


How can the methods of a scientist 
help us in daily life? 


The work of some scientists does not 


seem to solve any practical problem, 
yet they are encouraged to continue 
such work. How is this justified? 


Give the five steps a scientist takes in 
obtaining reliable information. 


Make a list of some common supersti- 
tions in your society. What, in your 
opinion, might have led people to 
believe in them in the first instance? 
Why are they still persisting? 

What are the main elements of the 
Scientific attitude? 


Name some outstanding scientists of 
today. 


FURTHER READING 


Bronowskt, Je 951A EThe Common Sense 
of Science, Heinemann, London. 


Choupstey-THonpson, J.L. 1960, Science 
and Pseudo-science, 


j School Science 
Review Vol.41 pp-386-391, 

Conanr, J.B. 1947, On Understanding 
Science. Yale University Press, New 
Haven, 

Conanr, J.B. 1951, Science and Common 
Sense. 


Yale University Press, 


New 
Haven, 


Dampter, W.C. 1942, 
Poanyt, M. 1946, 
Stncer, C. 


TERMAN, L.M. 


A History of Science. 
The Macmillan Co: 


Science, Faith and Society. 
Oxford University Press, London. 

1958. From Magic to Science. 
Dover Publications, New York. 
1955. Are 
Different? Scientific American 
No.1 pp.25-29, 


Scientists 
Vol.192 


CHAPTER 2 


The Science of Biology 


IOLOGY is the study of all living 
creatures—of yourself, animals, plants, 
germs and soon. It helps you answer 

such questions as: what makes a baby male 
or female, how are twin babies born, and 
why are they identical or non-identical? 
What causes disease and what can be done 
to checkit? How is energy stored in food? 
Why do we become weaker in old age? 
What types of animals and plants, other than 
those you are already familiar with, are to 
be found in the world? How are our 
lives affected by the other forms of life such 
as plants, insects and larger animals? 
The answers to these and many other ques- 
tions about life form the subject matter of 
biology. Biology is thus closely related 
to your daily living in many ways. It makes 
you live more intelligently, more happily. 
Biology is intimately associated with many 
other sciences, i.e. it often uses the methods 
and findings of other sciences to reveal the 
mysteries of living things (Fig. 271) EEO 
instance, if we want to know how a plant 
manufactures its food or how blood clots on 
a wound, we need to use our knowledge of 
chemistry. Similarly the functioning of 
the eye, especially the principles of image 
formation, or the conduction of water from 
roots to the highest leaves of a plant, can be 
understood only by applying some principles 
of physics. In fact, new borderline branches 


spent a E 


of science, such as biochemistry and bio- 
physics, have now arisen which deal with 
the application of the principles of chemistry 
and physics to biological problems. 


UI 
PHYSICIST BIOLOGIST] | CHEMIST 


Fig.2.1. The modern biologist uses the methods 
of physicists and chemists to under- 


stand the problems of life. 
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The History of Biology 


Though the word biology was coined 
(Gk. bios=life; logos=study of) only in the 
year 1802, the study of plants and animals 
really began as soon as primitive man began 
roaming about on the earth. As he depend- 
ed on plants and animals for his existence, 
he naturally had to study them in order to 
discover which types he could utilize for 
food, shelter and clothing, which plants 
he could use to cure diseases, and which 
animals he could use for work. The health 
and disease of his own body, and the birth, 
growth and death of his children occupied 


his attention as much as they engage our 
attention today. 
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Fig. 2.2. Aristotle (384-322 B.C.) 
Philosopher w 
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Fig. 2.3. Theophrastus (370-285 B.C.), a student 
of Aristotle. He is called the ‘Father 
of Botany’, He described 500 plants 
and wrote ‘A History of Plants’, 


Courtesy of the Department of Botany, 
University of Delhi. 


Although primitive man 


accumulated a 
fair amount of knowl 


living 
edge was often unscienti- 


scientific Study of plants and 


-) has been cal 
gist among the Greeks, 
investigations, he w 
the development of 
88 with great accur 
Phrastus 


Besides many other 
atched and described 
the chick within the 
acy. His pupil Theo- 
-C.) gave us accurate 
and detailed informa- 


even today, 


Several ancient Indian 


Scriptures like 
Ayurveda’, ‘Charak Samhita 


* and ‘Susruta’ 
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Fig. 2.4. Vesalius (1514-1564) the Belgian anatomist stealing the skeleton. From E.E. Bayles and R.W. 
Burnett, Biology for Better Living, Silver Burdett Co., New York, 1946. 


show that our ancestors were fairly advanc- 
ed in their knowledge of the structure and 
function of the bodies of plants, animals 
and human beings. The study of the ‘Vedas’ 
(2500 B.c.?), ‘Ramayana’ (1900 B.c.?), 
‘Mahabharata’ (1400 B.c.?), ‘Upanishads’ 
(350 s.c.?), and ‘Arthashastra? (300 B.c.?) 
also reveals that our ancestors had a large 
fund of biological information. 

After this period of scientific activity 
progress was markedly slowed down till 
almost the end of the fifteenth century. At 
the beginning of the sixteenth century, 
research in biology was stimulated by four 


important contributions. The first signi- 


ficant contribution was made by the Belgian 
doctor Andreas Vesalius. He published a 
large treatise entitled On The Structure 
of the Human Body (1543) based on dissec- 
tions and direct observations, rather than 
on previous assumptions of the so-called 
authorities. He stressed that in order to 
obtain reliable information it was very 
important to make actual observations 
instead of blindly following the imaginings 
ofothers. So great was his zeal for perdu 
observation and experience that he once 
stole the skeleton of a convict who had been 
hanged and whose flesh had been eaten 
away by vultures (Fig. 2.4). The second 


Fig. 2.5. William Harvey ( 
Physician who P: 
lates through 
veins, Courtesy of the Bri 
Services, New Delhi. 


1578-1657), the English 
roved that blood circu- 
the body in arteries and 
tish Information 


step forward was the discovery, 


ed under a 
ears to be made up of small 


se in a honeycomb, Hooke 
called these tiny cavities the cells, The 


made in Holland 


animals that 
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world. In this vast field there have been 
many outstanding discoveries or milestones. 
You will become acquainted with most of 
these in this book. 


How is Biology Studied ? 


The tools and techniques of a biologist 
are many. Some biologists study plants 
and animals in Nature. Their 
ments may be as simple as a metr 
collecting can, a hand-lens and a n 


require- 
e: rod, ‘a 


ote-book. 
Other biologists investigate such life proces- 
ses as respiration, nutrition, reproduc- 


tion and the like. They often use compli- 


Fig. 2.6. Antony van Le 
Dutch micros 
bacteria (1676). Co 
ment of Botany, Univ. 


‘euwenhoek (1632-1723 


)a 
copist, was th 


e first to see 
urtesy of the Depart- 
ersity of Delhi, 
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cated pieces of apparatus such as those found 
in the laboratories of chemists, physicists and 
technologists. However, the most important 
requirements are curiosity and keenness of 
observation. Living things are found every- 
where—in the streets, in jungles, on mountain 
tops, in springs, in the air, and even inside 


your own body! The biologist makes observa- 
tions on all living things that interest him. 
He tries to find out how a particular animal 
or plant behaves as it does. He is struck by 
and tries to find the reasons for the similari- 
ties and differences between various types 
of organisms. After making preliminary 


Fig. 2.7. A student working with a compound microscope. This instrument is a close companion 
of most biologists. Courtesy of H. Singh, Department of Botany, University of Delhi. 
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observations he proceeds: to verify them by 
more detailed observations or experiments. 
For this purpose he often uses a compound 
microscope (Fig. 2.7). In fact this instru- 
ment is such a close companion of most 
biologists that if you see a set of microscopes 
in a laboratory, you can be almost sure 
that a biologist is at work around there. 


Biology in Human Affairs 


This aspect of biology is dealt with in 
detail in the last chapter but you will perhaps 
like to have some idea of at least a few of the 


numerous fields in which knowledge of biology 
is helpful. 


Apart from the close relationship between 
biology and some other subjects as agricul- 


ture, medicine and fisheries, a knowledge 


of biology is also necessary in other fields, 
The methods applied for the preservation 
of our forests and useful animals are all 
based on detailed biological studies, In 
matters such as public health, control of 
Pests, and nutrition, biolo 
portant part. T 
health in our citi 
ing citizens aga: 
diseases, 


to them about 
disease and the wW. 
can be checked. 


ants and bees, Evi 
creatures may thus 


Divisions of Biology 


We have seen that biology is the study of 
living objects such as plants and animals. 
The two main divisions of biology are botany 
(Gk. botane= a herb) which deals with plants, 
and zoology (Gk. zoon—=animal; logos=a 
discourse or a study of) which deals with 
animals. In addition to these two divisions, 
another branch of biology which has come 
into prominence in recent years is 
biology. This is the study of suck 
and animals which are so small tł 
can be seen only with the help of the micro- 
Scope. Microbiology deals chiefly with the 
organisms which cause diseases or are 


otherwise important. The distinction bet- 


ween these three subjects, as you can see, is 
based on the natur 


e of the organisms with 
which they deal, These broad divisions 
of the subject should not give you the im- 
pression that they 


are separate, unrelated 
compartments with little or no similarity 


to one another. These divisions are helpful 
when we study the external form of different 
organisms like plants, animals, and microbes, 
In their life Processes all living beings 
are similar to one another. As an example 
of this commonness it may be stated that 
the mechanism of respiration and the laws 


governing heredity are just the same in all 
living organisms. 


micro- 
h. plants 
hat they 


Plants and animals may be studied in 
different ways. Each of these Ways forms 


a distinct branch of biology and is given a 
Special name (Fig. 2.8). 


Morphology is the stu 


A dy of the external 
an 


organisms., 


or of its separate Pp 
or the study of the 
tissues, 
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Cytology is the study of cells—the small 
units of which plants and animals are 
composed. 

Embryology is the study of the early 
development of plants and animals. It 
deals with the formation and development 
of embryo. 


Physiology deals with the functions of 
the various parts of the organism. Plant 
physiology deals with nutrition, growth, 
reproduction, and movements of plants. 
Similarly, animal physiology deals with the 
corresponding functions in animals. 


<y 


\ 4 


field 


GENETICS 
A 


A 


PALAEONTOLOGYE” EVOLUTION 


Fig. 2.8. The various disciplines of biology. 


of Delhi. 


Palaeontology is the study of the remains 
of the plants and animals which lived millions 
of years ago and which are now preserved 
in rocks as fossils. The study of this branch 
of biology helps us to understand how plants 
and animals evolved. 


Taxonomy is the study of the classifica- 
tion of plants and animals. The number of 
known plants and animals in the world 
is very large. Every day the number 
is increasing, as more types of each group 
are being discovered. These plants and 


ay TAXONOMY 


e 
Pad ve 
e 


Courtesy of the Department of Botany, University 
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animals of various kinds must, for conveni- 
ence, be classified into differ 
indicate their resemblances and relation- 
` ships. They must also be correctly identi- 
fied and named. The taxonomist takes the 
help of morphology, Palaeontology, cytology, 
biochemistry ana other branches of biology 


to evolve a correct classification of plants and 
animals, 


ent groups to 


light, water, soil and so 
factors are t 
man, 


on, while the living 
he other Organisms, including 


Genetics is t 
of characters, 


2 is one of the most 
important themes of b 


' iology. It tells 
how simple forms of life changed i a 


Biology is 
living objects—plant 


It helps us toward 
of Nature and to live 


the Study of Various as 


S animals, and germs, 


a better appreciation 
a healthier: life, y 


Pects of 
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Careers in Biology 


We have said that it is essential to study 
biology in order to live a better and healthier 


life. You might also like to know whether 
one can take biolo 


SY as a career in life. 
Yes, certainly | Biology provides ample 
Opportunities of employment. You may 


become a research scientist 


your time in investigating the 
Processes of life; 

teacher in biology 
university. With 
growing different 
become a farm 


and devote 
fundamental 
or you may become a 
in a school, college or 
a sound knowledge of 
types of plants you can 


Scientist and help the 
farmer in growing better crops. You can 
also become a horticulturist and breed new 


health and 
industries 
the Production of 
and antibiotics 


Penicillin) also need the help o 
trained in biology, 


alcohol, 


f persons 


eet 
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of keen observation, and a sufficient know- 
ledge of the related sciences, namely chemis- 
try, physics and mathematics. The study 
of biology offers a wide range of careers in 
both fundamental and applied fields. 


The three main divisions of the subject 
are: (a) botany, which deals with the study 
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of plants, (b) zoology dealing with animals, 
and (c) microbiology concerned with 
microscopic organisms which cause diseases 
or are otherwise important. The various 
aspects of this study come under several 
disciplines such as morphology, physio- 
logy, ecology, genetics, palacontology and 
evolution. 


QUESTIONS 


1. Which phase of biology is involved in 
the following studies? 


a. Inheritance of curly hair. 

b. The emergence of man from ape- 
like ancestors. 

c. The effect of alcohol on body. 


d. The types of plants and animals 
inhabiting caves, mountains, ponds, 
deserts, etc. 

e. Microscopic structure of human 
brain. 


2. Why should a student of biology have 


FURTHER 
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a good knowledge of physics and 
chemistry? 


3. Supposing someone argues: ‘My gran- _ 
nie knows nothing of biology, yet she 
has been leading a perfectly healthy 
life’. Discuss how you will convince 
the questioner about the importance 
of the study of biology. 


4. Name at least five great discoveries in 
biology made in the present century. 


5. What are the requirements of a good 
biologist ? 
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CHAPTER 3 


F you were asked whether you could 
I distinguish the living from the non- 
living, you would 


immediately answer 
in the affirmative. 


You would point to 
a bird, or perhaps, 


non-living one, 
moves and gro 
does not do so 


like themselves’ 


The sum total of all these 
processes constitutes life 


Life and Its Characteristics 


living things we do not observe life itself, 
but we study the chief characteristics of 


living organisms. Let us now consider the 
various attributes of life, 


Cellular Structure 


All living creatures a 
or more well-defined ti 
material or Protoplas 
blasma=form or 
membrane, 


re made up of one 
ny masses of living 
m (Gk. protosfirst; 
mould) enclosed by a 
of these tiny structures 
Thus, if you examine a thin 


ing. Protoplasm is the 
Chemically, 
ater, sugars, amino acids, 
nucleic acids and certain 
mineral Substances or salts. By itself none 


i > Scientists have not 
so far Succeeded in making protoplasm 
combining these simple sub- 
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LIVING, NON-LIVING, AND DEAD OBJECTS 


Á 
a 


i ing ani j i ji iving? Which are 
Fig. 3 ivi -livi d dead objects. Which of these objects are living ? 
oF; pai Wied of them were once alive but are now dead ? Give reasons for your 
=] ang : 


answer in each case. 
bottle cork. Sec 


First row left to right—motor car, bath sponge, Paramecium, 
ond row left to right—child, chair, log of wood, candle, Third row left 


to right—crystals, seedling, corals, rabbit. 


Growth 


to Must be a matter of common eee 
bee that all living organisms grow. Ji s 
ee ess baby soon grows into a craw ae 
nt; equally soon, he is able to todd c3 
ittle later, he can hold himself upright 
walk. The Eucalyptus trees of Australia 
n a height of over 100 metres, the giant 
°° grows over 30 cm a day during its 
© period of growth, This universal 


and 

Atta; 
a 

ACtiy, 


phenomenon of growth, although varied in 
speed and magnitude, is an essential char- 
acter of all living organisms. 


Growth may be defined as the ability 
of living organisms to take chemical sub- 
stances from their surroundings, to combine 
these substances in various ways, and finally, 
to convert them into the material of their 
own bodies. This leads to an increase in 
size accompanied by a permanent change 
of form. 
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Many non-living objects also show 
‘growth’. For example, when a crystal 
of copper sulphate is placed in a saturated 
solution of the same salt, it grows in size. 
However, growth in living organisms is 
different from that seen in a non-living 
body, such as a crystal. In this case the 
new material is added in the same way as 
a ball of mud is made larger if more mud is 
applied to it. On the other hand, growth 
in living bodies results from the addition of 
new living substance which in turn is de- 
rived from totally different, 
non-living, substances, 
child, fed mostly on mil 
grows into an adult, h 
Stances into flesh and 


and mostly 
Thus when a small 
k, fruits and cereals, 


€ converts these sub- 
bones, 


Metabolism 


i fe depends 
This group of processes is known as meta- 
bolism (Gk, metabole—change). When 


is constructive—as 
y a plant, energy is 
bstances are added 
anism—it js known 


l ce 80 on simultaneous] 
in the living body. If the const 4 
f the destru 
bulk, ie, 


ructive 
Ctive, the 


reached when some vital portion of the 
organism gives way, and it ceases to live. 
In other words, it dies. 


The following important metabolic pro- 


cesses take place in a living body : 


Nutrition. Every living organism needs 


to take food in order to remain alive (Fig- 


3.2). The preparation and utilization of 
food is known as nutrition. 


A green 


plant prepares its own food from simple 
substances, such as water, mineral salts 


A lizard cat, 


ching its prey. All livi 


things require food, 
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(obtained chiefly from the soil) and carbon 
dioxide (obtained from the air). In the 
Presence of light it converts them into sugar 
from which complex chemical compounds, 
such as proteins and fats are produced. 
Animals take in ready-made food prepared 
by green plants or they eat the flesh of other 
animals which in turn feed on plants. The 
taking in of food is known as ingestion. 
The food is again broken down into simpler 
Substances in the animal body. From 
these substances the body prepares more 
complex compounds needed to build its 
tissues. In other words, the newly formed 
Substances are assimilated in the body. 


Respiration. The living body has to 
Perform a number of functions: it has to 
Move, it has to replace the worn-out parts, 
it has to grow and it has to do many other 
tasks of life. All this work requires energy 
Which is obtained by the process of respira- 
tion. Respiration is a visible sign of all 
life, In this, the oxygen taken in from the 
air combines with the stored foods and by 
a Series of changes they are broken down 
Into carbon dioxide and water. As a result 
of this ‘burning,’ a large amount of energy 
18 liberated much as it happens when we 
burn coal. Man and most other animals, 
that you commonly see around, have 
definite respiratory organs by which they 
breathe. However, plants and some very 
Simple animals have no definite organs of 
respiration, In these, the cells of the body 
directly take in oxygen from the air and 
carry on respiration. The waste products— 
carbon dioxide, water and other substances— 
are got rid of by the organism either by 
aton or in other ways. The eee 
ss lef that respiration means taking 1n © 

ygen and giving out of carbon dioxide is 
DA quite correct, These are only the accom- 
tarniments of respiration; its most impor- 

feature is that it liberates energy- 


Excretion. Excretion is a process by 
which waste substances are passed out of the 
organism’s body. The wastes are produced 
during movements, nutrition, respiration 
and other life activities. If they are allowed 
to accumulate in the body, they exercise 
their poisonous effects and may bring about 
the death of the organism. Animals throw 
out such products mostly in the form of 
sweat, urine and faeces. Plants get rid of 
waste products, such as gums, resins, and 
even water, with the help of special. cells 
or from the entire surface. 


Movements 


All living objects show some kind of 
movement. It is clearly and easily seen 
in animals since they have definite organs 
of locomotion. Although it is not always 
very apparent, movement is nevertheless 
quite common in plants. Thus, when a 
flower opens, its parts spread out by a slow 
movement. The leaves of the sensitive 
plant, touch-me-not (Mimosa pudica), fold 
up when touched by hand and open again 
after some time (Fig. 3.3). The bending 
of plants towards light is another example 
of movement. Some lower organisms and 
the sperms of most plants and animals are 
provided with small flagella or cilia which 
show lashing movements and carry the cell 
from place to place. Moreover, the cyto- 
plasm in many living cells performs a slow, 
streaming movement. 


Certain non-living objects may also show 
movements. A rock may move if you 
give it a push. The force which causes 
the movement of the rock comes from 
outside. It is YOU who has provided the 
force. Mechanical vehicles such as the 
motor car, the aeroplane, the rocket and 
the satellite also move; but the forces 
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causing these movements are very different 


from those which cause the movements of 
living objects. 


Irritability 


A property of all living things is that they 
are irritable. This does not mean that they 
are bad tempered. It means that they are 
sensitive to their surroundings and react to 
them. They have the ability to do things 
by responding to sounds, heat, smells and 
other influences. For example, if somebody 


x eaves in 
right, position of leaves 


of the Department Of Botany, 


University of Delhi, 5 


pricks you with a pin, you jump. If you 
place a plant near the window, after a few 
days it bends towards light (Fig. 3.4). 
Place a saucer of milk on the ground and 
your cat will run to it. Yourself, the plant and 
your cat are all alive and have responded 
or reacted to certain influences or stimuli— 
you responded to a pinprick, the plant to the 
light, and your cat to the sight of food. 
Many non-living things react too. If you 
press the knob ofan electric bell, itrings. It 
has responded to the stimulus of your touch. 


Yet nobody will ever think of saying that a 
bell was alive! Why? 


the Sensitive plant. bs 
“namediately after 


Left, leaves in normal position; 


ve heen touched, Courtesy 
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Fig. 3.4. A plant kept in a room near à window 
bends towards light. All living orga- 
nisms have the ability to respond to 

al stimuli. Courtesy of the Depart- 


extern: 
niversity of Delhi. 


ment of Botany, U! 


Reproduction 

ristic feature 
can repro- 
babies like 


Perhaps the most characte 
of all living beings is that they 
duce—they’ can give birth to 


Fig. 3.5. A bitch and its pupFie- 
Reproduction is one of 
the important charac- 
teristics of all living 


organisms, 


themselves. Non-living things cannot do 
that. A neem tree produces young neem 
trees, a bitch produces pnppies (Fig. 
3.5), and humans produce young humans. 
You never hear a chair producing little 
chairs or a large motor car producing baby 


cars. 


Young ones or the offspring may be pro- 
duced in several ways. The protoplasm 
of a one-celled organism may divide into 
two or more parts, each of which grows 
into a new individual (Fig. 3.6). That is 
the way bacteria and many other plants 
and animals reproduce. They have only 
one parent which itself disappears but 
leaves, instead, two individuals. In other 
words the parent changes into its two off- 


spring. 


Some plants and animals have another 
method of asexual reproduction. In these 
instances the parent does not disappear 
in giving birth to its young ones. Only a 
part of the parent breaks off and grows into 
a new individual. For example, take the 
familiar potato plant. A single potato, or 
even a part of it, can give rise to a new plant 


(Fig 3.7). 
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Most plants and 
monly see around 
Sexual method. T 


animals, that you com- 
you, 


wn kind, 


ple, a Mango tree will always 


ides into two 
A. Reproduction in Amoeba, 

one-celled plant used in 
ny, University of Delhi, 


potato 
tuber 


Fig. 3.7 z 
oii T ne tuber Producing new plants. | 
Delhi, cPartment of Botany, University of \ 
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a heredity. In other words, it carries the 
characteristics of the parents to the children. 


_ cellular structure, nutrition, respi- 
tabilit, excretion, growth, movement, ase 

lity and reproduction are the basic 
Ebates of life. Things that lack life 
ane perform all these functions though 
ce i ifeless obj ects can perform one or more 
a ee For instance, a motor car takes 
tarbur (food), it distributes the fuel to the 
h it sucks in (breathes) oxygen 
eni 1 reacts with the fuel to produce energy, 
Hoy it eliminates the wastes (smoke). 
pae an the similarity stops here. The 
it ie car cannot grow bigger than what 
ER s when it came from the factory (when 
ow a born!). It cannot produce baby 
Frye and it cannot repair itself. Hence it 

On-living. 


Fi 
*B- 3.8. Rod-shaped particles of 
whether viruses are living 9° 
University of California, 


Biologist’s Puzzle—The Viruses 


There are tiny things called viruses that 
cause diseases like cold and poliomyelitis. 
They are much smaller than the smallest 
bacteria. Biologists have argued for years 
about whether they are alive or not. Most 
of our criteria of life do not apply to them. 
They have no cellular organization. They 
can be crystallized (Fig. 3.8) and stored 
for many years like the crystals of salt or 
Outside the living cells, they neither 
produce, they do not respond 
nd neither breathe nor respire. 
when they enter the cells, they 
or multiplying. They thus 
f the essentials of life—the 
uce. They seem to fall in 
f living and non-living. 


sugar. 


grow nor re 
to stimuli, a 
However, 
start reproducing 
have at least one 0 
capacity to reprod 
the twilight zone o 


pout 25,000 times. It is a disputed point 


virus enlarged a! fa 
a virus enlarged Courtesy of R.G. Williams, Virus Laboratory, 


Berkeley, USA. 
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How Did Life Begin? 


We know that all cells arise from pre- 
existing cells, but where did cells come from 


in the first place? W 
exact answ 


e do not know the 
er as yet but we shall attempt to 
Provide an answer to this interesting and 
important question in Chapter 49, 


SUMMARY 


A simple definition of life is: ‘It is the 
power that an organism possesses to maintain 
and to reproduce itself’, All Organisms are 
made up of tiny structures 
Contain a jelly- 
protoplasm. Iti 


s is itself living but 
he mysterious ‘life’. 


Nearly all living creatures can move. They 
all grow by changing the food they eat into 
new material. After the intake of food, the 


Waste products are Passed out of the body by 
the process of exer, 


are irritable, Les 
Only living thin 
like themselves a 
However, viruses 
of both living an 


etion. Living organisms 
they respond to stimuli. 
§S can reproduce others 
nd carry on respiration. 
Possess the characteristics 
d non-living objects, 


QUESTIONS 


1. How does a living Organism differ 
from: 

aoa machine; 

b. a candle flame; 

Gi 


an iceberg? 


is living or dead? 


4. Whatis the difference between anabolic 
and katabolic Processes? 

5. In what way does a virus resemble a 
living object? 

6. 


Most ants are 
they are 

themselves, 
non-living? 


completely sterile, i.e- 
incapable of reproducing 
Will you consider them 
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CHAPTER 4 


of which animals and plants are made, 


[ you were asked as to what is the stuff 
animals are 


you will perhaps reply : 
made of flesh and bones while plants are 
made of a woody material. True, but then, 


what are flesh and wood made of ? You 
begin to wonder, for your eyes reveal nothing 
ice of 


beyond this, But if you see a thin sl 
flesh or wood through a microscope, you will 
notice that they are not just structureless, 
uniform material. Both of them are made 
of innumerable little boxes or compartments 
Which are known as cells. All your body 
activities—movement, growth, irritability— 
result from a combined action of the cells 
composing your body parts. Cells are thus 
the smallest units of life; they are the build- 
ing blocks of all organisms. 


Historical 
That plants and animals are made 
of cells is common knowledge today. 


However, before the invention of the micro- 
Scope, some 300 years ago, NO one knew 
about cells, The first person to see them 
Was an English scientist, Robert Hooke. 
He prepared a crude microscope and 
observed all sorts of things with his newly 
fashioned instrument. This was around 
the year 1665. One day he cut a very 
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thin slice of a bottle cork. Cork, as you 
might already know, is a plant material 
which is derived from the bark of a tree 
found in the Mediterranean countries. 
Hooke viewed the thin slice of cork with 
his microscope and found it to be made of 
a great many little boxes separated by 
walls (Fig. 4.1). These reminded him 
of the cells (compartments) of a honey- 
comb and he gave them the same name. 
Actually the piece of cork that Hooke 
observed was dead tissue. He observed 


‘Cells’? as seen by Robert Hooke in a 
slice of cork. Courtesy of the Department 
of Botany, University of Delhi. 


Fig. 4.1. 


only the skeletons of the cells—just air- 
filled spaces surrounded by dead walls. 
Subsequently as scientists extended their 
observations to other living objects, they 
came to the conclusion that all plants and 
animals are made up of cells and that these 
are filled with a semi-solid, jelly-like material, 


Ue ER S 


Fig. 4.2. Jacob Schleiden (1804-1881), a German 
botanist, 


From their microscopic Studi, 
‘Cell Theory? (1839) 


es of many Plants and 
Courtesy of the Department of Bı 


ol 


nucleus:=kernel), All 
a part of scientific thinki 


two German biolog 
Schwann — fo; 


‘Cell Theory’, 
cell is the unit 
all plants and 


and 


(a) the 


Viruses, the 
cause 
ular form. Yo 
in Chapter 19, 


peculiar 
several diseases, 


u will read more 


‘organisms’ which 
have no cell 
about them 


Fig.4 3. Theodor 


Schwann 
erman zoologist, 


animals, they put fort 
otany, University of Di 


(1810-1882), a 


h the famous 
cihi, 


Some living organisms, 
plant as well as the ani 
made of just one cell each, 
as unicellular 
other organisms 
and are said 
animals are 
number 


belonging to the 
mal kingdom, are 

These are known 
organisms. The bodies of 


are made up of many cells 


to be multicellular, Some 


iving substance 

igure 4,4 shows the 
of a cell, The proto- 
unded by a membrane 


CELL 


an plasma membrane. This is a 
Pr ies : cell’s living material. It is very 
fi ee han ten thousandth of a millimetre 
ey hi Na and can be seen only under 
ae pen It controls the 
SSE the ake substances passing into or out 
in ub and is unique in that it allows 
Prevents re to pass through freely but 
E as restricts the flow of others. Such a 
meable e 7 said to ke selectively per- 

i a l he selectivity of the cell mem- 

ost when the cell dies. 


cell membrane 


--vecuole 

~- cytoplasm 

na pueledt membrane 
J... chromatin 

whe py eleys 


-- nucleolus 


n- CCAM OS OME 


Fi 

8. 

4.4. Generalized diagram of # cell. After 
E.B. Wilson, The Cell in Development and 
Heredity, Macmillan &Co., New York, 1925 


ohn’ Protoplasm consists of two veTy well- 
nucleu, parts—the cytoplasm and the 
watery The cytoplasm is a translucent, 
Salts, fa or jelly-like material containing 
Substan ts, sugars, proteins and many other 
reaming It can sometimes be seen 
(Plural ng about in the cell. The nucleus 
Placeq Ga i, is a denser spherical body 

omewhere in the cytoplasm- It is 


also } 

meed by a delicate covering called 

ere lie membrane. Withinthe nucleus 

T S a still denser structure, the nucleolus. 
the 


3 i . . 

uc i substance constituting 
= is chromatin. This occurs 7 the 
Ned 


of long, thread-like structures C4 
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the chromosomes. These threads usually 
occur as a confused network but, when the 
cell begins to divide, they can be traced as 
individuals. Every type of organism has 
a characteristic number of chromosomes in 
its cells. Thus, the body cells of man 
contain 46 chromosomes each, those of 
wheat 42, and so on. Very few organisms 
mosome number exceeding 100. 
The chromosomes bear many, extremely 
minute particles, the genes, which control 
the characteristic form and growth of the 
organism. In other words, they are the 
carriers of hereditary characteristics. A 
dog is a dog because it has the genes of a 
dog handed over to it by its parents and it 
is a particular type of dog because it has 
certain genes determining that type. The 
nucleus controls and directs the work of the 

If a cell be divided into two parts, 
vith and the other without the nucleus, 
grow to the full 
ut the enucleated part 
e time (Fig. 4.5). Although 
key role in the life of a 
n that the rest of the 


have a chro 


cell. 
one vV 


the nucleated half is able to 
size and reproduce b 
dies after som 


the nucleus has a 
cell, this does not mea 


experiment to show that the 
nucleus is essential for the growth and 
duction of the cell. Only the 
nucleated part of Amoeba can feed, 
grow and reproduce. The enucleated 
part may remain alive for some time 
put it does not feed or reproduce, and 
it eventually dies. 


Fig. 4.5. A surgical 


repro 
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cell (cytoplasm, etc.) is unimportant. Be- 
cause of the presence of the genes inside it 
the nucleus is the control centre of the cell 
functions, while the cytoplasm is the exe- 
cutive centre. The nucleus cannot exist 
without the cytoplasm just as the cytoplasm 
cannot exist without the nucleus. 


Fig. 4.6. Cells from the inner lining of the cheek, 


Courtesy of the Department of Botany, 
University of Delhi, 


he structure more clearly, 


S (stains) i 


darker than the surro: 
The inside lining of 
material to observe 
ning in which the 
rm a smooth fi 


und- 
your 
cells, 

cells 
at surface, 


se cells and fl 
a drop of iodine 


slide. Put a Cover gl 
under a microscope, 

nize the many-sided c 
membranes, cytoplas 


Fig. 4.7. 


This is the structure of a cell as revealed 
by an ordinary microscope. In a 
years biologists have studied cells ee 
an electron microscope which gives 50,00 
times or even more enlarged images of the 
objects. Figure 4.8 is a schematic diagram 
of cell structure as seen through an electron 
microscope. From this diagram and the 


Cells from a peeling of the onion scale. 
Courtesy of the Department of Botany; 
University of Delhi, 


description that 


follows you should not 
conclude that the 


Se structures are found in 
every cell. The diagram incorporates the 
Principal structures found in most cells. 


In other words we are talking here of a 
“generalized cell’, 


Electron microscope studies have shown 
that the Structure of the cel 


l is exceedingly 
complex, 


For example, a fine network call- 
oplasmic reticulum (Gk. endon= 


3 L. reticulum—a small 


mass under an ordinary micro- 
Ontains many other concrete 


Constituents, We shall now enumerate 


Some of these, 


All cells co 


ntain hundreds of extremely 
small bodies 


called mitochondria (Gk- 


‘ 3 chondros=grain), They may 
be in the fo ae 


wm Of granules, globules, rods 
The Mitochondria are thé 
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sea i 

ee eao of food materials in the 
EE ration. g in the release of energy during 

I 
Sa gels there also exist numerous 
bodies or oem called the golgi 
their a er apparatus, named after 
Meee odies erer—Golgi. The function of 
some biologi = nob known with certainty but 
With the pists think that they are concerned 
Means ae of secretion. Secretion 
stance by t ation and giving out of a sub- 
he cell. 


endoplasmic reticulum 


nuclear membrane 


non-cytoplasmic fluid. These 
areas are called vacuoles. The watery 
les is called cell sap and is 


fluid of the vacuo’ 
he general cytoplasm by 


separated from t 
a delicate membrane, the tonoplast. 


a watery, 


Animal versus Plant Cells 


far mentioned are shared 
Jant and animal cells. However; 
f plants and animals have certain 


The features 5O 
by both p 
the cells 0 


Nuc 
leus? chromosome 
nucleolus 
centrioles 
mitochondrion 
Fig, z i ted today in the light of observations made with 
ERSTA generalized er a inte er BSCS, Biological Science, Molecules to Man, Houghton 
an elec' yon id 
Mifflin CompanY: Boston, 1963. 

Some other en all particles special characteristics of their own (Fig. 
called the WOE F ribosomes 4.9). One of these is that plant cells are 
a also present in the cytoplas™- These are surrounded by 2 definite, rigid, non-living, 
portant because eee synthesis takes cell wall made of a substan’. called cellu- 

ace on their eae lose—the same material of which your 

it cotton shirt is made. The plasma 
inner to this wall. To 


I 
n the cytoplasm one may also find one 
aces filled with 


or 
More small, balloon-like sP 


membrane lies 


demonstrate the identity of the plasma 
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ANIMAL CELL 


“Centrosome 
With centriole 
-ELU dies: 


Membrane 


mane Wtochondriz ---- 


cy are p 


‘An Inquiry 


membrane as distinct from 


place a Stoup of cells in a 
Solution of Sugar, 


the cell wall, 
concentrated 


Most 
r hand, are covered 


FAUCI -----... 


(centriole and rays) 


More will 

chapter, 
Plant cells usu, 

dense bodies, the 


PLANT CELL 


is then called an aster. 


be said about it 


in the next 


ally show a number of 
Plastids, in the cytoplasm. 


Ne most Conspicuous of these are the 
only by the plasma membranes, In the chloroplasts, containing a green pigment 
cytoplasm of animal cells there is another called ©Alorophyll, Some plastids may 
Special structure, the centrosome, situated contain other colouring matter and are 
close to the nucleus, The centrosome js a termed as ch: 
somewhat clear area 


in which a 
the Centrio: 
nucleus 7 


granules, 


op a number 
or rays, 


no pigment at 
and animal cells differ 
r and less 


Fi 
ig. 4.10, Shapes of pla! 
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ACETABULARIA STINGING CHLAMY~- 
HAIR DOMONAS 


nt cells. Bacterial cells may be spherical, rod-like or spiral. Desmi d 
Fibres occur in strands along the stems of many 


and diatoms are unicellular algae. F i 
dies called chloroplasts by means of 


plants such as jute- Leaf cells į 
which they synthesize food material. Acetabularia js a unique alga, the iire plant bein, 
e cell Stone cells are dead cells occurring in the gritty portions 5 
Jis occur on the stems of stinging a 


Stinging hair ce 
After G. P. Swanson, The Cell: Foundations 


r 
ice-Hall, Inc., Englewood Cliffs, New Jersey, 1958. 
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RED BLOOD 
CELLS 


AMOEBA 


SS 
STRIATED 


SKIN CELL 
MUSCLE 


SMOOTH MUSCLE 
CELL 


Fig. 4.11. 


Pond water, After 
Prentice-Hall, Inc., 


ndations of Mode; 


rn Biology Series, 


CELL 


Cell Size and Shape 


The cells you have so far seen are à few 
of the mauy types that you will come across 
in your stndy of plants and animals. Most 

l of tkese are too small to be seen without a 
micruscope though a few are quite large and 
can be seen with the naked eye. The yolk 

| of a hen’s egg is a single cell. The largest 
cell known is the yolk of the egg of an 

Ostrich which may be as much as 7 cm 

| a, The nerve cells in your body 
as tails’ which are ‘over a metre long 

‘hough their diameter is very small. The 
individual fibres of Manila hemp are over 
a metre in length. The smallest cells are 
those of bacteria. These are measured in 
Samm one micron (written as u) being 

ne-thousandth of a millimetre. 


ery variable. 


figures 4.10 and 4.11 illustrate some of 
A € many kinds of cells of which plants and 
nimals are built. Single-celled organisms, 
generally tend to 
gh this is not 
Paramecium, & 


hape of a 


F swimming in water, 
iwa a spherical form thou, 
üni YS so. For example, 
Nicellular animal, has the $ 


The shapes of cells are also V 
slipper, 


Composition of Protoplasm 
| nA living organism must perform @ 
o er of life processes such as metabolism, 
aen, reproduction, and the like. 
's is as true of a unicellular organism like 
oe as of a multicellular on? like 
n n. This means that every cell is actually 
ay Saingly complex factory in which k 
“akin number of chemical processes ar 
ag place simultancously- 
is the unique 
it contain 
are completely 


e living 


ince 
S protoplasm 
tuf, p s some 


Maen might think that 
al elements which 
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eee hic oe Passa ee 
> ase. Protoplasm is made 
up of the same elements that occur in life- 
less things such as stones, sand, air and 
water. But out of about 100 elements found 
in our earth, only about 25 enter into the 
composition of living matefial. Further, 
99 per cent of the protoplasm by weight is 
composed of just four elements—carbon, 
hydrogen, nitrogen and oxygen. There are 


no special elements that are present only in 


the protoplasm. It is, however, not the 


elements but the compounds formed from 
them which make protoplasm different. 
There are thousands of compounds which 
chemists have recognized in protoplasm. 
Of these the most important are water, 
fats, carbohydrates, nucleic acids 


proteins, 
You will read more 


and mineral salts. 
about them in Chapter 38. 


A plant tissue culture. Cell masses 
grown on synthetic medium are used 
to study the reactions of cells when 
they are fed with certain substances or 
subjected to other treatments. Such 
cultures are gaining great importance 
in medical research, especially that 
concerned with cancer and effects of 
atomic radiations. Courtesy of the 
Department of Botany, University of 


Delhi, 


Fig. 4.12. 
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Cell Cultures or Tissue Cultures 


In order to study the working of the 
complex machinery of a particular type of 
cell, biologists often isolate the cells from an 
organism’s body and grow them artificially 
(Fig. 4.12) on a nutritive medium in a 
flask or test tube. This technique is known 


as tissue culture or cell culture. In one 
such culture, cells from the heart of a 
chicken were kept growing for a period 
of 27 years, although the source chicken 
must have lived its usual life of only 20 
years. Such cultures are also useful in 
studying the reactions of cells when they 
are fed with certain poisons, or infected with 
germs, or subjected to X-rays. 


SUMMARY 


Plants and animals are made up of tiny 
building units called cells, In some organ- 
isms a single cell makes the entire body, 
others are made up of a large number of 
cells, going up to many billions, 


Although there is a wide variation in the 
size and the shape of cells, the living sub- 


stance or protoplasm in nearly all cells 
shows three main parts: 


and cell membrane, 
and controls the activi 
cytoplasm is the seat 
The cell membrane 
substances into and o 


—nucleus, cytoplasm 
The nucleus directs 
ties of the cell. The 
of all these activities. 
regulates the flow of 
ut of the cell, 

Studies with the electron microscope have 
revealed the detailed str 


eveal ucture of mitochond- 
Tia, ribosomes, golgi bodies, centrioles and 


a special function to perform. Plant cells 
differ from animal cells in having cellulose 
walls and conspicuous vacuoles. However, 
they lack the centrioles which are sO 
characteristic of most animal cells, 


The chemical elements composing the 
protoplasm are the same as those found in 
non-living things. The elements are com“ 
bined into many types of compounds. The 
carbohydrates, proteins, fats, nucleic acids 
salts and water are the most important 


other granules. Each of these entities has 


Cell cultures can be started from a grouP 
of cells taken from any part of an organism 
These cultures have proved very useful 1” 
studying the physiology of cells, 


QUESTIONS 


2. Why is the cell 
unit of stru 
life? 


compounds found in protoplasm. 


jc 
regarded as the ee 
cture and function of 
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3. What is the function of (a) mitochond- 
ria; (b) ribosomes; and (c) cell 
membranes? 


4. Which of the following are found 
(1) exclusively in plant cells; (2) 
exclusively in animal cells; (3) in 
both? 


(a) nuclei, (b) nucleoli, (c) chloro- 
lasts, (d) chromosomes, (e) cen- 
trioles, (f) mitochondria, (g) cell 
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5. Supposing you examined a thin slice 
of plant tissue and found some cells 
without nuclei. How would you 
account for this? 


6. What is the difference between a cell 
wall and a cell membrane? 


7. List three elements in the order of their 
abundance in the protoplasm. 
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CHAPTER D | 


Cell Division 


OUR body consists of billions of 
cells. Even when you were born, 
it had millions of them. All these 

cells came from a single cell, the fertilized 
egg. It divided into two, then into four, 
then into eight and so on. To study cell 


division let us first recall t 


o Our minds the 
Structure of a cell. 


A cell is filled with the living matter or 
protoplasm. - The protoplasm is divided 
into two major parts ; 
the nucleus. When the cell is not dividing, 
its nucleus is said to be in the so-called 
resting state Eisto VA). The nuclei of 
all cells contain rod-like Structures known as 


chromosomes. The number of chromosomes 
in any given type of organism is constant, 
Thus, cells of human beings have 46 
chromosomes; of dog 18: Tof cat 385 of 
garden pea 14; of onion 16 and so on. 
In the resting nucleus the chromosomes 
cannot be seen individually, Instead, they 
appear as a jumbled chromatin network, 
In animal cells there 


i IS also a centriole 
Outside the nucleus. 


the cytoplasm and 


Cell division consists of two distinct pro- 
cesses: nuclear division or mitosis, and 
cytokinesis which involves the division 
of the remainder of the cell and the forma- 
tion of a new cell membrane or cell wall. 


Walther Flemming, a German biologist of 
the later part of the 19th century was the 
first to study cell division. He stained the 
cells in a suitable dye so that the nucleus 
stood out from the rest of the cell and could 
be more easily studied. He wrote an 
account of his observations in the year 
1880. He stated that in a dividing cell 
the nucleus passes through an orderly series 


of changes which he collectively named 
as mitosis. The process is a continuous one; 


but for convenience of description it is 
divided into different steps or phases, which 


are essentially the same for plant and animal 
cells (Fig. 5.2), 


Division of the Nucleus—Mitosis 


When the cel] is 


about to divide, several 
changes take 


Place in the appearance ° 
the nucleus (Fig. 5.1 B-D). The fine net 
work is transformed into a definite numbe! 
of long, delicate threads—the chromosome: 
which Stadually become more distinct 
Since this is the first and the most obviow® 


. E . e 1€ 
change associated with nuclear division, t! 
name mitosis 


. as 

(Gk, mitos=a thread) a 

used to describe the entire process. Fo $ 

progressive Stages of mitosis can be rec08 
nized, 


ew 


leus. B, C and 
polyphylla. A. Interphase nue : 
a e Jis of Paris pobp h e d li ti 
ie. SA1. Stages of mitosis in the root tP SE P. Metaphase eog "Anaphasie separation of 
b p e Ne . 
D. Early prophas®- ar H. Early ae M. Early telophase. N. Late 
h i f mation a ° e, 
re e a ote the I-J S’ daughit er nuclei have reorganized, and cell plate has 
telophase. O. Cytokinesis. e man Delhi College. 


been laid, Courtesy ° 
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PLANT ANIMAL 


-Centrosome 
nucleus - 


i N - nucleus 
nucleolus Sil a -l-aucleolus 
nuclear “i ----l.nuclear 
membrane membrane 

ki “Plasma 
thet — INTERPHASE eng 
Ce woar- 4 


chromosomes&i l4 


“=chromosomes 


PROPHASE 


spindle spindle 
fibres -~ ~ fibres 
eguator | 


~eguelor of 
Spindle 


Plate 


CW ~~~, POW plasmà 
CEN wel membrane 
NEW plasmra. 
Membrare 
‘Centrosome 
Fig. 5.2. Diagram of 


cell division in pla: : 
a t anim: 
General Biology, Macmillan Gaines Yor, 1959, Ce. From JW, Mavor 
, 1959, 


CELL DIVISION 


oe: This stage begins with the 
Mt a anes of the chromatin network 
Each oe number of chromosomes. 
threads call pen now shows two slender 
nected om chromatids which are con- 
Dere. a her by a small area, the centro- 
ids a there are twice as many 
various i as there are chromosomes. The 
usually ae formed ina given cell 
hook, rod Me their distinctive shapes—@ 
ihare re dot. There are generally two 
Sooma of each shape; that is, the 
we cent always exist in pairs- Hence 
certain nu a that the organism has a 

athe: of er of pairs of chromosomes. 

pairs, dog has 39 and so on. 


A as of other changes also occur at 
ess ale The nucleoli gradually become 

he Smite and eventually disappear- 
membra riole situated outside the nuclear 
apart F divides into two. These move 
Sides ( ia take up a position on opposite 
a of the nucleus. The cytoplasm 
threads ing the centrioles forms radiating 
is know; The centriole with these tiny rays 
asters n as an aster (Fig. 5-2): However, 

are absent in the cells of plants: 


stage, called 
sappearance 
his time the 
distinct 
cteristic 


qacapbase. à The next st 
the we begins with the di 
tomo uclear membrane. By th 
(Fig. 5 cae have become quite 
ee ate exhibit their characteris 
the ndsize. They liein the central region 

S Migas aos: The cytoplasm surrounding 
enr PFR forms long rOy 
chromo in the form of a spindle. 
the somes come, to lie in the centre 
late spindle on the so-called equatorial 
or the metaphase plate- Some spindle 


res 
are attached to the centromere © 
the 


ta 

c 

Centro; chromosome. The position 0 

= meres on the chromosomes varies 
this the chromosomes 


ny 
are J pending on 
V,U or T-shaped (Fig: 5-3): 


"i 
i 
(e 


Fig. 5.3. Diploid chromosome complement in 
the root tip cell of Allium strachyi. The 
spindle in this preparation was dissolv- 
ed by a special chemical treatment to 


facilitate better spreading of chromo- 
somes. Courtesy of Virendra Kumar, 


Delhi College. 


During anaphase the cen- 
ch chromosome divides into 
two and the sister chromatids move apart. 
Probably the contraction of spindle fibres 
helps in the separation of chromatids. By 
late anaphase, each pole has received one 
set of chromatids which now correspond to 


chromosomes (F ig. 5.1 H-L). 


Anaphase- 
tromere of ea 


In the final stage or telo- 
lei of the daughter cells are 
d from the chromo- 
ch pole. Each nucleus has 
ber and type of chromosomes 
cell. This is because each 
uring nuclear division, added 
to itself or reproduced a chromatid like 
the one initially present in it. At the 
commencement of the interphase these two 
daughter cells are smaller than the parent 
cell, but they are identical as regards their 
chromosomal material. Gradually, they 
increase tO full size (Fig. 5-1 M-N). 


Telophase. 
phase the nuc 
once again organize 
somes at ea 
the same num 
as the parent 
chromosome, d 


Division of Cytoplasm— 
Cytokinesis 


ocess by which the cytoplasm 


This is a pr 
arated into more or less two 


of a cell is sep 
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equal parts. In animal cells cytokinesis 
is accomplished by mere constriction. This 
begins during the anaphase of mitosis and 
is completed by the close of telophase. 
Because of the presence of rigid cellulose 
walls in plant cells, cytokinesis by constric- 
tion is not possible. Cytokinesis in a plant 
cell begins by the formation ofa cell plate in 
the middle of the cell during late anaphase. 
The plate now extends in circumference till 
it meets the wall of the Parent cell. A new 
cellulose wall is now laid down on both 
surfaces of the cell plate which becomes the 
middle lamella between the two cells. In 
the meantime the new nuclei have been 


organized and the process of cell division is 
completed, 


Significance of Mitosis 


Since the chromosomes of a dividing cell 
undergo doubling and since the two chro- 
matids of each chromosome move to the 
Opposite poles, the two daughter cells receive 
the same number and the same kind of 
chromosomes as were contained in the 
parent cells. The genes, which determine 
the hereditary characters are located on the 
chromosomes, and therefore, each cell comes 
to have the same potentialities as the parent 
cell. A division of the nucleus which results 
in two similar nuclei, is said to be equational. 
Although the cells have the same genetic 
material and are indeed similar when first 
formed, they may become different in order 
to carry on their specific functions, This 
Phenomenon of ‘becoming different’ is 
known as cell differentiation and will be 


taken up in greater detail in the next 
chapter, 


SUMMARY 


The bodies of multicellular animals and 


Cell division involv 
mitosis and cytokinesis, 
into four stages — pro 
anaphase and telophase, 
each chromosome adds to 
another chromatid ex 


es two Processes— 
Mitosis is divisible 
phase, metaphase, 
During Prophase 
itself (duplicates) 
ly similar to the 


In metaphase the 


nuclear membrane 
disappears and a spin 


dle of dense fibres 


appears in the cytoplasm, 
somes become arranged on 
plate’ of the spindle. 


The chromo- 
the ‘equatorial 


During anaphase the centromeres divide 
and the chromatids of each 


chromosome 
move towards the Opposite po 


les, 


Sets of chromatids are once again organized 


Each daughter nucleus 


During cytokinesis 
to form two dau, 
is achieved 


the parent cell divides 
ghter cells. In animals, this 
constriction, In 
> a plate is first 
Cellulose is then 
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QUESTIONS 


l. Fill in the blanks: 


a. The division of the centromere 
occurs during.. -+= 

b. The spindle is formed in the...» 4 
stage. 


c. The chromosomes become double 


during the...» stage. 5. 
d. The chromatids start moving 
towards the poles of the spindle 

in the....-- stage. 6. 
osis differ 


f How does the process of mit 
in animal and plant cells? 


Mitosis is called ‘equational division’ 
by some authors. What do you 
understand by this statement? 


What is the significance of this equa- 
tional division? 


k for active cell 


Where would you loo 
In an animal? 


divisions in a plant? 


Define the terms chromatid, cytoki- 


nesis, centriole, interphase (or resting 


phase). 
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Geraro, R., W. 1940. Unresting Cells- Maza, D- 1961. gots es 
Harper ony Brothers, Publishers, Scientific American ol. No.3 
a pp. 100-120. 


CHAPTER 6 


OME plants and animals are made up 
S of just one cell (unicellular) while 


others consist of many cells (multi- 
cellular). In a unicellular organism, the 
single cell performs all the life functions like 
nutrition, respiration, exer 
reproduction. 
however. 


parts in its life activities. The cells 
composing your brain, 
enable you to think; 
tongue help you to 
those forming muscles 


for instance, 
those making your 
taste things, and 


with eyes, ears, limbs, heart a 


nd brain— 
composed of billions of cells (Fig, 6.1) 
You also learnt that the mechanism of cell 


division (mitosis) is such that th 


e daughter 
cells have similar 


characteristics, How 


Cell Differentiation 


certain cells become different from certain 


others? This paradox of cell differentiation 
is one of the big puzzles of biology. A 
newly fo 


rmed cell has the capacity to deve- 
lop into any type, a muscle cell, a hair cell, 
a bone cell and so on. As it grows, some 


unknown influence determines which type 
it will become. 


A group of cells, which are similar in 
structure and perform the same function, 


form a tissue. The plant and animal body 


Consists of a variety of tissues each of which 
Performs a specific function, 


PLANT TISSUES 


In plants there are two 
(a) meristematic tissues which consist 
of undifferentiated, actively dividing cells, 

Permanent tissues comprising 


main types of tissues: 


| 
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The phenomenon of differentiation is one 


a single cell to a baby. 
s of biology- 


Fig. 6.1. From 
e major unsolved problem: 


of th 


On the basis of their 
t body they are classi- 
hich are treated 


show no division. 
functions in the plan 
fied into several types W 


l thin 
filled walls. They are almost completely 
| with cytoplasm and have large, conspi- 


e repeatedly and 


Cuo 
ae nuclei, They divid 
to fo, ce new cells which later differentiate below. 
f the plant The fundamental tissue or parenchyma 


body, the specialized cells © 
(Fig. 6.3) consists of masses of cells without 


much specialization in structure or function. 

Perm . All soft parts of the plant are composed of 
anent Tissues parenchyma. The cells may be spherical 
columnar Or irregular in shape. They 

pulk of usually have thin walls and large vacuoles. 
s and tender stems, these cells con- 


g these In leave: 


Th 
€ permanent tissues form the 
nd tain ihe green pigment, chlorophyll, and 


a 

l; 

cen body. The cells composin: 
have assumed their final shape 2 


V 


rye meristematic 


Fig. 6.2 A. Longitudinal Section of th 
aroot. Note the densely 
cells some of which 
Process of division, 
Department of 
Delhi, 


e apex of 
cytoplasmic 
are in the 
Courtesy of the 
Botany, University of 
serve as centres of food synthesis, 
parts of the plant they function 
houses for food and water, 
potato tuber, 

matous cells fil 


In other 
as store- 
The cells in a 


for instance, are parenchy- 
led with starch, 


extra deposition of cellul 


ose. 
of such cells 


Mageo 


f =; H F 
meristematic -- 
region 


Longitudinal section 
Courtesy of Mridul W; 
of Botany, 


of stem apex. 
adhi, Department 
University of Delhi. 


at maturity, 


is often so heavy that it fills the entire cell 
hard grit in a pear fruit 


the brittle coats of seeds, the 


matous cells, 
elongated and 


they are referre 
B; iG): 


| 
| 
| 
| 
| 
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C 


Fi 
18.6.3, Parenchyma cells. A and B. Cross 
sections. C and D. Longitudinal sec- 
ent O! 


Courtesy of the Departm 


tions. 
of Delhi. 


Botany, University 


or patches and 
a cementing 
tained from 


a in continuous masses 

packed into bundles by 

ee Jute and coir are © 
Ick bundles of fibres. 


The surface of all soft plant parts is covered 
idermis 


Over by a single layer of cells, the ep* 
(Fig. 6.6). This protects the plant from 
Undue loss of water and from minor exter- 
Ba injury. The epiderma 
c ica shapes and secrete 4 waxy 
alled cutin. This forms 4 thin, 
ar layer, the cuticle, 
the cells (Fig. 6.6 A). T 
bear 


a to plant. 
ance, the hairs contain 


‘sting’ passing animals if they happen to 
touch them. In plants growing in dry 
places, the thick growth of epidermal hairs 
serves to reduce the evaporation of water. 
The epidermal tissue is not continuous but 
has a large number of pores called stomata 
(Fig. 6.6 B). Each stoma is flanked by two 
special cells known as the guard cells 
which are unique in that they can cause 
the opening or closing of the stoma. 
The exchange of gases (such as oxygen 


lls. A. Cross section. 
dinal section. A, after Kathe- 


lant Anatomy, John Wiley & 
after A.J. 


H. MacDaniels, An Intro- 
McGraw-Hill Book 


New York, 1947. 


Collenchyma ce 
B. Longitu 
rine Esau, Pi 
New York, 1953. B, 


Fig. 6.4. 


Sons, Inc., 
Eames and L. 
duction to Plant Anatomy, 


Company, Inc., 
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thickened. 
Wwe lt 


Pit in l x 
Section 


Wolf 


Fig. 6.6. The epidermal tissue. A. ager 
in transverse Section; note the 
cuticle. B. Surface view of epidermi 
showing stomata, Courtesy of Hi 
Department of Botany, University of De 


i he 
It is composed of many types of cells. T y 
part of the conducting tissue which oe 
Ports water is known as xylem; while tha 


Sclerenchyma, A. Stone cells from 
the gritty portion of a pear fruit. B 
and C, Longitudinal and transverse 
Sections of fibres, From J. B. Hill, L.O, 
Overholts, H, W. Popp and A, R. Grove, 
AS Botany, A Textbook for Colleges, McGraw- 


Hill Book Company, Inc., New York, 1960, 


and carbon 


dioxide) 
through these 


takes place Mostly 
pores, 


layers thick, 
cubical (Fig, 6.7) 


with a Waterproof s 


concerned with the tr: 
termed phloem, 

elements in the phlo: 
(Fig. 6.8). 
ted, cylindrical cells arr: 


rows, 


sieve tube member 
Pores, like those in as 


anslocation of food is 
The main conducting 
em are the sieve tubes 
These are made up of elonga- 


anged in vertical 


The end wall ( 


the cross wall) of each 
is studded with fine 
ieve. 


This is therefore 


ed 
ss ruptured. 
eprdermis 


Sg cork cells 


rin 

The bark that Peels off on tree trunks jn Fig.6.7. A Part of the periderm tissue (cork) i” 
the form of flakes is a part of the Periderm transverse section, The cell walls are 
tissue. The bottle cork of commerce also heavily Coated with a waterproof 
comes from the periderm of a tree, Substance called suberin. By the ite 

this tissue is formed, the overlyini 

The conducting tissue, as the name epidermis 

suggests, conducts water and fi 


ood materials, 


es, 
ecomes ruptured, Courtesy 


of the Department of Botany, University 


of Delhi, 
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Fig, 6.8. A and B 
sections through em. 
J.B. Hill, L.O. Overbolts, H.W. Popp 
A.R. Grove, Jr, Botans A Textbook for 
Colleges, McGraw-Hill Book Company; 
Inc., New York, 1960. B, after Katherine 
Esau, Plant Anatomy, John Wiley & Sons, 
Inc., New York, 1953. 


«ter 

m r i 

ed a sieve plate- Food materials 
ve plates- Each 


ca i 

Kleven ree pass through siev 

Eat e member has 4 long parenchy- 

Were cell attached to it. It gives, 25 it 

; > Company to the tube and is accord- 
The 


In 1 
gly called a companion cell. 


aoe H) 

otany, A Textbook for Colleges, M 

i a» McGraw- 
n Book Company, Inc., New York, 


on cells somehow help the sieve 
the conduction of food material 
on to sieve tubes and conpanion 


compani 
tubes in 


In additi 
the phloem tissue may also contain 


ordinary parenchymatous cells. 


cells, 
fibres and 
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From J.B. 
H.W. Popp and 
Botany, A Textbook Jor 


Hil, L.O. Overholts, 
AR. Grove, JE, 
Colleges, McGraw-Hill 


Book Company, 
Inc., New York, 1960. 


The xylem is Popularly known as wood, 
It consists of two princi 


at these places, 
‘channels or tubes are formed 
water can move readily. 


A xylem vessel is formed by the dissolu. 
tion of the end walls of a number of cells 
placed one over the other so that ultimately 
a single long tubular duct is formed, In 


k 


Fig. 6.11 A. The 


in length. The 


arrangement of gausar 
bundles in transverse section o f 
stem, Courtesy of the Department ol 
Botany, University of Delhi. 


vascular bundle 


u the Department 
niversity of Delhi, 


enlarged- 
of Botany? 


© vessels may be a metre or 
Mature tracheids À 
' 


and 

P- van i ha dead cells. The thickening 

EE os s is often in the form of rings, 

D a; : - network. In addition to the 

Eells ar nd vessels, fibres and parenchyma 
c also found in the xylem tissue. 


he tue i 
Bese [Sage xylem and phloem, usually 
re) va er, constituting what is known 
IF you a bundle (Fig. 6.11 8). 
a young — the transverse section of 
© seen ae, ower stem these bundles can 

cling =a in a ring (Fig. 6.11 A) 
Uundles nS a leaf are also the vascular 

e of both xylem and phloem. 


ANIMAL TISSUES 


T 3 
Be aces of animals may be classified 
Covering tissue groups: (1) epithelial or 
le tissue ssue, (2) muscular or contrac- 
issue... (3) connective or SUPP? 
» and (4) nervous tissue. 


rting 


Epithelial Tissue 


Th 

e epithe: 

Otecti epithelial tissue forms the outer 
Ive covering all over the body, and 


Pr 
Nes Pa 
the inside of all cavities (Fig- 6.12) 


1 


Ni 


Epithelial layer from the body cavity 
. Young, 


of frog. Adapted from C. W 

G. L. Stebbins and F. G- Brooks, Introduction 
to Biological Science, r & Brothers, 
Publishers, New York, 1956. 


8. 6.12, 
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droplets of 
secretion 


-secretory 
cer 


Mucous membrane formed from secre- 
tory epithelial cells, and laid over the 
connective tissue. The cells secrete 
a slimy mucus. Adapted from C. W. 
Young, G. L. Stebbins and F. G. Brooks, 
Introduction to Biological Science, Harper & 
Brothers, Publishers, New York, 1956. 


Fig. 6.13. 


hose of the stomach, intestines, 
vind pipe. Some epi- 
te drops of mucus, à 
the nose and 


such as t 
mouth, throat and v 
thelial cells can secre 
slimy substance that lubricates 
throat. Such a secretory epithelial tissue 


is known as mucous membrane (Fig. 
6.13). Cells lining the stomach secrete a 
digestive fluid. Often the secretory epi- 
thelial cells are aggregated into special 
areas called glands (Fig. 6.14). As 
examples may be cited the sweat glands and 
oil glands of the skin and the salivary glands 
in the mouth. The epithelial tissue may 
be simple, i-€- composed of a single layer 
of cells (Fig: 6.12); or it may be stratified, 
i.e., made of several layers (Fig. 6.15), The 
shapes of the cells composing this tissue 
vary a great deal. The epithelial tissue of 
the skin, which protects the flesh beneath 
has broad, flat cells resembling tiles in s 
There are no spaces between 
that the skin can peel off in 
ften leave big sheets of skin 
The epithelial cells lining 


pavement. 
these cells, so 
layers. Frogs 0! 
cells in water. 
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Fig. 6.14. Two types of glands, formed by infolding of the glandular epithelium. A. 
Sac-like gland from 


frog’s skin. B. Compound gland (salivary gland). 
From T. I. Storer and R. L. Usinger, General Zoology, McGraw-Hill Book Company, 
Inc., New York, 1957. 


the respiratory passages bear numerous 
hair-like structures called cilia (Fig. 6. 16) 
which make lashing movements and tend t0 
Sweep germs out of the air passage. 


SOTO, 
Ge . connectie 


= ; A P 
a LES tissue 


Fig. 6. Aen cell 
Note the upper ig. 6.16. Epithelium from human threat. 


Fig. 6.15. Stratified epithelium, 


A 
g a dapte‘ 
cells getting sloughed off, From Eye a nis ee ayes Bear E a Ea an” 
Parker, W.A. Haswell and O. Lowen- Le A Youngi Œ. L: Stebbi 


jcal 
í 3 F ; iologie@ 
stein, A Textbook of Zoology, Macmillan a G. Brooks, Introduction to r ish 
& Co, Ltd., London, 1957, Setence, Harper & Brothers, Pu 


New York, 1956, j 
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S ae 
a epithelial cells of the skin may 
cal, specialized to receive external 
e r Such sensory cells are found, for 

~ 6.17), e, in the bodies of earthworms (Fig. 


Cuticle 
` 


cell 


a 
FAA 
we muscles 


Phot 
Or 
cn ne 10° perves -FL 


Fi 
8- 6.17, Sensory epithelium of earthworm in 


three dimensional view. From 
I. Storer and R. L- Usinger, General 


Zoology, McGraw-Hill Book Company 
New York, 1957. 


Hy! 
LO yb 
uscle cells. 


MOOTH MUSCLE 
m 


Fig. 6.18. Three kinds of Exi 
Modern Biolog): Holt, Rine 


After T.J- 
and Winston, Inc., 
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Muscular or Contractile Tissue 


that your body has more 


Did you know 
h control the various 


than 600 muscles whic! 
movements? Since all animal life is charac- 
terized by movements, this tissue plays an 

he life of the organism. 


important part in t 
Tissues composing muscles are of three 
types: unstriated, striated and cardiac 


(Fig. 6.18). 


Unstriated (also called smooth, involun- 


tary Or visceral) muscles have narrow, 
spindle-shaped, uninucleate cells. These 
Juntary muscles because, 


are called invo: 
their movements @ 
mind. Such muse 
internal organs suc 


intestines where they help to 
along the alimentary canal. They are also 


found in smaller blood vessels; breathing 
and the organs concerned with 
and reproduction. These muscles 
ery slowly. 


re not controlled by the 
Jes are found in many 
h as the stomach and 


push the food 


passages 
urination 
contract and relax V 


| 


ri Si 
aN 


le 
(Cf 


wa X 
aN 
Fem] 


ines 


i 


ie 


ld 


scLE CARDIAC MUSCLE 


Moon, J-H. Otto, and A. Towel, 
New York, 1960. 
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Striated (also called voluntary, striped or 
skeletal) muscles are made of long cylindrical 


D i ~ 


| 


CENIM ARY! 
NC RPN YAB 


NNN 


N K Y N=} 
ON RAY 
A. Fibrous 


Fig. 6.19. Fibrous connective tissue. 
tissue of a tendon. It is made mostly 
of bundles of white fibres and a few 
flattened cells between the bundles. 
B. Elastic tissue made mostly of 
yellow, branched fibres. It occurs in 
arteries and vocal cords. 


Taylor and R, J. Webber, General Biology, 
D. 


Van Nostrand Company, Inc., New 
Jersey, 1961, 


fibres each having Many nuclei and enclosed 
in a thin membrane. Striated muscle 
fibres form groups or bundles which run 
parallel to each other. They bear cross 
bands or striations visible under the micro- 
scope. They are just alternating light and 
dark bands placed at right angles to the 
long axis. Flesh js made mostly of these 
muscles. They form nearly 50 per cent 
of the entire body. They can contract 


rapidly and are responsible for the quick 
movements found in animals, 


their action jis regulated by min 
Cardiac muscles are 
heart. Though striated, t 


d or will, 
found Only in the 
hey are involuntary, 


? ra 
i : ne’s will. 
l.e., not under the control of o 


. Your heart beats throughout your life on 


its own and cannot be controlled by p 
will. The fibres composing heart muscles 
are branched and form a close network. 


Connective or Supporting Tissue 


This tissue, as the name indicates, seryes 
to bind the cells of other tissues and to give 
them rigidity and support. It is composed 
of ordinary cells and numerous tiny; 
rope-like structures called fibres. The cells 
secrete a ground substance or matrix in 
which they are embedded. 


Fibrous connective tissue (Fig. 6.19) 
contains rows of flattened cells distributed 
throughout a gelatinous matrix and a mesh 
of delicate fibres. There are two kinds of 
fibres: the white ones which are non-elastic, 
unbranched and united into bundles (Fig. 
6.19 A); and the yellow elastic fibres which 
occur singly but are branched extensively 
to form a network (Fig. 6.19 B). The 
white fibrous tissue is tough and forms the 


tendons, ligaments and coverings of 


S 
„eeligamen? 


Fig. 6.20. Tendons and ligaments. 


SID Young, G: L. Stebbins and E: 5 
Brooks, Introduction to Biological Scen” 


Tew 
Harper & Brothers, Publishers, 
York, 1956, 


Adapted fro™ 
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age to attach muscles 
-ma vones. Ligaments are bands of 
6.20) a hold the bones together (Fig. 
z “i Ren yellow fibrous tissue is found 
ewe a of the arteries and lungs. It 
ee S the skin to the muscles under- 

1 it. Fibrous tissue is thus mainly 


a hind: 
binding tissue. 


XJ connec- 
tive FISSUE 


t-filled cells 


Fi ; 
8. 6. . 
21. Adipose tissue made of fa 
ent 


and fibres. Courtesy of the Departm 
of Zoology, University of Delhi. 


e adipose or fat tissue (Fig. 6.21) 
Surro ins cells filled with fat globules and 
ibre unded by a matrix of yellow and white 
Skin K It occurs in the deeper parts of the 
tain. in the bone marrow and around cer- 

organs. It is, therefore, 4 filling tissue- 
i Cartilage (Fig. 6.22) is another connec- 


tive . 

giv tissue that covers the ends of bones and 

es support to certain organs such as the 
It 


n 

Ean food-pipes and wind-pipes- - 
Which ee clear ground substance OF matrix 
Cach ieee a large number of spaces, 
end ccupied by one or several cells. Th 
Numb cartilage of the ear contains 4 large 

er of fibres in addition tO cells. 

ing structures of 


B 
Ones, the chief suppor 3 
e of connective 


Vert 
ebrates, are also a typ 
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„< EMPIY cell 


2.0 Syl ts iman it 
CELI undergotag 
FISSION 


tion of cartilage from 
From T.J. 


Fig. 6.22. Transverse Sec 

the head of frog’s femur. 
B.L. Bhatia and 
An Elementary Textbook of 
Macmillan & 


Parker, W.N. Parker, 


M.A. Moghe, 
Zoology for Indian Students, 


Co., Ltd., London, 1957. 


They have bone cells 
d matrix of calcium and 


phosphorus salts. This deposition is 1 
the form of thin concentric layers around 
a central canal. Ehe bone cells occupy 
small spaces which are connected to one 
another by 4 system of radiating canals. 


tissue (Fig. 6:23). 
embedded in a har 
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Fig. 6.23. Transverse section of human bone 
After W. F. Wheeler and W.E.S. Powers 
Essentials of Biology, Heinemann, bordon 


1957. 
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PLATELETS 


“RED CORPUSCLES 


WHITE COR PUSCLES 


Fig. 6.24, Three types of blood cells, From Elsbeth 
Kroeber, W. H, Wolf and R, L. 
Biology, 


Weaver, 
D.C. Heath and Company, 
1960. 


Boston, 


as white 
nded by 
tissue which 
Is. 

Blood is alsoa kindof Specialized connec- 
tive tissue which carries food materials and 


-dendrites 


termine! 
p ranches 
* on, 
Fig.6.25.A nerve cell. Afer G.G. Simp 


iffany> 
©: S. Pittendrigh and L. H. uae 
Life, An Introduction to Biology, er 1957. 
Brace and Company, Inc., New York, 


Oxygen to all 
Consists of a flui 
numerous red 


„ Le 
parts of the body ‘with 
d medium or paraa cells 
as well as white bloo 
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zet 


targe 
intestine 


ORGAN 


OR 


the relatio 


Fi 
18. 6.26, Diagram to show 
After 


an system- 
to Mankind, D. 
1957. 


organs and orgi 
And Its Relation 
Inc., New Jersey, 


(corpuscles) and platelets floating in 1t 
oe 6.24). The fibres that are so common 
p Other types of connective tissue are © 
te! present in the 
bleod called fibrinogen. 
; clots, the fibrinogen 15 


Mt ; 
© protein fibres. 


GAN SYSTEM 


n between cells, 
A.M. Winchester, Biology 


Van Nostra 


w 
oO 


Nervous Tissue 

This is a very specia- 
lized tissue that serves to 
receive and conduct sensa- 
tions, and to stimulate 
other tissues to activity. 
It is made of nerve cells 
which convey messages 
from one cell to the next. 
A nerve cell or a neuron 
consists of a main body 
from which numerous, 
delicate, thread-like fibres 
are given out (Fig. 6.25). 
Most nerve cells have 
fibres of two kinds: the 
thinner ones or dendrites 
which carry sensations to 
the cell; and a thicker one 


or axon which carries the 


messages away from the 
cell. The nerve cells are 
located in the brain and 
spinal cord from where 
nerve fibres branch out to 
every part of the body. 
Some of these fibres may 


be over 4 metre in 


length. The nerves in our 
bodies are like cables 
made of many 
cell fibres bound together 
ath of connective 


nerve 


tissues, 


by a she: 


nd Company, s 
tissue. 


Organs and Organ Systems 


Two or more kinds of tissues may be asso- 
ciated together to form an ergan which 
is a specialized part of the body performing 
some specific function or functions. There 
are many organs in our body such as the 
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kidney, liver, brain, stomach, arm, and so 
on. Several organs of a body often perform 
a common function. They constitute an 
organ system. For instance, the mouth, the 
Stomach, the intestines and several other 
organs of our body perform a common func- 
tion of digestion and form the digestive 
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system (Fig. 6.26). In most ae 
there are other well-marked organ systems for 
the normal functioning of the body. A oe 
of organ systems working on DR 
basis constitute an organism. 


‘ iet 
organisms living together form a society 
or colony. 


SUMMARY 


The multicellular plants and animals are 
made up of many kinds of cells each doing 
some special kind of work. When first 
formed, all cells are more or less alike but 
gradually they become different from one 
another to perform various functions, Cells 
that are alike in structure and function are 
grouped together and form a tissue. 

Two or more types of tissues associated 
together form an organ. An organ also 


does a special Job or jobs for the benefit of 
the entire organism, 


: : in 
There are two main types of tissues 


plants: meristematic tissues found in E 
growing regions, and permanent tissues which 
form the bulk of the plant body. whe 
permanent tissues include the following? 
parenchyma, collenchyma, sclerenchyma, 
xylem, and Phloem. 


Animal tissues are of four main types* 
epithelial or covering tissue, muscular °F 
Contractile tissue, connective or supporting 
tissue, and nervous tissue. 


QUESTIONS 


l. How is it advantageous for an organ- 


ism to be made of different kinds of 
cells instead of Only one kind? 

2. What do you understand by cell 
differentiation? 


wn words 
tionship between cells, ti 


organs, 


the rela- 


+ the 
4. What kind of muscle is involved in th 
following Processes? 


a. Movement of the arm. 
to- 
© Movement of food along the 5 
Mach. d 
o! 
Gy Contraction of smaller blo 
Vessels, 
d. 


Closure of the eye. 
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5. What change occurs in our tissues 
when we become fat? 
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6. What are the main components of 
xylem? Of phloem? 
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The Plants and Animals 


—— 


N Chapter 3 we learnt that all living 
I things share certain common charac- 

teristics—they are able to move and 
respire, they take food, they react to stimu- 
li, and they reproduce their own kind. 
Due to these characteristics they can be 
easily told apart from non-living things like 
rocks and, therefore, we call them organisms. 
There is an infinite variety in form, structure 
and habits of organisms, yet nearly all of 
them (we do not yet know whether viruses 
are plants or animals) can be classified 
either as plants or as animals, Although 
most people have a vague idea that both 
plants and animals are living beings, there 
Seems to be a common belief that the type 
of life manifesting in plants is somewhat 
different from that present in the animals, 
This is incorrect, The life stream flowing 
ina neem tree and a cow is essentially the 
same. There are a number of very obvious 
similarities between plants and animals, in 
spite of their different external forms, 

i. The bodies of both plants and 
animals are made up of micro- 
Scopic units called cells. 

Both plant and animal cells con- 
tain the same unique living sub- 
stance called protoplasm, 

iii. Certain vital processes such as 
digestion, assimilation and respi- 


ration take place in essentially 
the same manner in plants as 
well as animals. 


iv. The ability to respond to exter 
nal stimuli, though occurring 
by different mechanisms, is a 
common property of both plants 
and animals, 

Both plants and animals grow in 
size by the division and differen- 
tiation of cells. Both pass 
on their hereditary characters 


to the offspring by the same 
mechanism, 


However, the two groups are so organized 
that usually they can be recognized from 
one another without much difficulty. Most 
Plants are fixed to the soil, they are 
differentiated into stems, leaves and roots; 
and are usually of a green colour. The 
Steen colour is due 
chlorophyll. With its help plants can make 
their own food from such simple substances 
as carbon dioxide, water and inorgani¢ 
salts, Animals, on the other hand, are 
capable of moving about and of moving 
their Parts; they have such familiar organs 
as limbs, eyes, head and so on. They have 

hyll and, therefore, take in ready” 
d. Although these are obea 
S between all higher plants a” 


to the presence of 


difference: 


i _ ____ — ______.____ 


CHLAMYDOMONAS 


Fig. 7.1. Not all plants are fixed t 
nor are all animals motile. Here we 
ydomonas) which swims 
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AST eee 
A COLONY OF SPONGES 
o the soil, 


see a plant (Chlamy 
freely in waters and ` sponges whi 

grow fixed to the substratum. Cour- 
tesy of the Department of Botany, Univer- 


sity of Delhi. 


animals, none of these criteria is absolute. 
t always free 


For instance, animals are no 
Moving. The sponges and some other 
lowly animals are fixed to rocks. They do 
not have organs like mouth, limbs and so 
tie Similarly, there are unicellular plants 
like Chlamydomonas which can swim as 
actively as some of the single-celled animals 
(Fig. 7.1). The touch-me-not plant shows 
quick movements of its leaves when they 
ete touched. The differences, commonly 
listed between plants and animals, further 
break down when lower OF simpler forms 
of life are considered. (If you don’t believe 
this, try recognizing th i 
in the lower part of 
reading the legend.) One 
is the one-celled Euglena. 
Whip-like organ called flagellum at ¢ 
Euglena moves about freely an vely 

lashing the flagellum. Tt ingests particles 


without 
such organism 
It has 4 long 
m at one end. 


Like all animal cells 1 lacks cell wall 
However, it also contains chloroplasts, 
Which are peculiar tO plants and do not 

With their help it 


occur in animals. 


can prepare a part of its own food from 
carbon dioxide and water in the presence 
of sunlight. In this respect it resembles 
plants. Euglena (Fig. 7.2 G) and similar 
other organisms are called flagellates. 
They share the characteristics of both plants 
and animals and are believed to be much 
similar to the organisms which took shape 
after life began on carth. From these 
there were probably two lines of evolution 
in different directions. Those cells which 
acquired cellulose walls around them started 
the plant line. The others which lost their 


chlorophyll were t 
line. 


he pioneers of the animal 


Classification of Plants and 


Animals 
If there were a large library containing 
thousands of books heaped inthe book-shelves 
as and when they arrived from the book- 
sellers, it would be very difficult to find any 
book when required. It would really be 
nfusion and such a library would 
On the other hand, when the 
ll-organized, and the books 
are classified according to the subjects and 
authors, you may pick out the required book 
without any difficulty. The situation in the 
animal and plant worlds is similar. There 
are more than a million kinds of animals 
and a little less than a million kinds of plants 
known to the biologists. It is not possible for 
any one person tostudy them all. However, 
if they are grouped in some convenient way, 


the study would become much easier because, 
articular group would 


the characters of a p 
apply, in a great measure, to all the indivi- 


duals of that group. Without a suitable 
method of classification the study of or- 
ganisms would be in the same state of hope- 
less confusion as the unclassified books in a 
library. The branch of biology that deals 
with classification is known as taxonomy. 


a great co 
be of no use. 
library is we 
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CHAPTER SEVEN 


Which is a plant? 


Which is an animal? 


er A.M. Winch 
+» New Jersey, 


ester, Biology And 
1957. 
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Fig. 7.3. 
biologist, i 
Modern Biologi 


Going back to the example of books in 
the library, it is easy to S¢° that the library 
Would be of little use if the books were classi- 
fied according to their sizes OF colours. 


Under these conditions it js likely that the 
e distributed in 


books on bi 
olo; would b 
ee In other words 


| system of classi- 
fication and would not y useful 
Purpose. The earlier a 
gists to classify plants an 

y plants 
a similar nature. They separated plants 


i 
nto such groups as herbs, 


into categories 


and animals nls 
i . i 1 . 
animals, land animals Endl ainara 


This obviously was of little use- 
the 18th century there -came 4 
on Linné. 


biologi 

gist named Carl v 

Popularly known as Linnaeus- He devel- 
Oped a new scheme of classification 
uniform method of naming plants 2” 
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animals based on their natural relationships. 
Subsequently other scientists made many 
improvements over his method. As a 
result of this, plants and animals are now 
classified into certain well-marked categories 
which not only make their study easier 
but also indicate the relationships between 


various kinds of organisms. 


ing many important 


All individuals hav: 
and different from 


characters in common, 
all others in one or more ways, are placed 


in a category called species. Thus the 
common cat, monkey, orange, and apple 
all represent one species each. All the 
individuals of a species are believed to have 
been derived from common ancestors and 
can breed with one another to produce fer- 
tile offspring which resemble them. When 
biologists speak of kinds of organisms they 
actually mean the species. If a number 
of different species are found to possess cer- 
tain basic characters in common, they are 
placed in a higher category called the genus. 
A genus may, therefore, be defined as a 
collection of closely related species. For 
example, there are a number of animals 
like lion and tiger which resemble a cat in 
ain respects in spite of their obvious 
Accordingly, the cat, the lion, 
esent three different species 
he same genus (Fig. 7.4). 
Similarly there are certain fruits which 
resemble the orange 10 many essential 
respects and are popularly known as citrus 
fruits. We have the common loose-skinned 
orange, the sweet lime, and the lemon. 
They are different from one another in cer- 
tain features and can easily be told apart. 
The orange, the lime, and the lemon re- 
present different species belonging to the 


same genus (Fig. 7-5). 


cert 
differences. 
and the tiger rep" 
put all belong to t 


ke genera are grouped into 


Similarly, li 
ders and orders 


families, families into or 
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Fig. 7.4. The lion, the tiger and the cat make 
three species of a single genus (Felis) 


into classes. The classes are in turn 


grouped into bigger Categories called divi- 
sions or phyla (Gk. phylon=race or tribe). 
The phyla are put under the highest cate- 
gory such as the plant or animal kingdom. 
It may be noted that higher the category, 
the less will be the resemblances or common 
characters between the organisms belonging 
to that category, For instance, the cat, 
the lion and the tiger which resemble each 
other in so many respects, are grouped into 
a class which includes such different animals 
as the cow, the rat, the dog and even man. 
The common character which holds these 
animals together within the clas: 
sence of a vertebral column, 
mammary glands, 

ing to a phylum ha 
in common. 


s is the pre- 


s all come under 
The common char- 


shows where some 
animals, including m: 


ORANGE 


Fig. 7.5. The orange, the sweet lime and the 


lemon are three species of a single 
genus (Citrus). Courtesy of the Depart- 
ment of Botany, University of Delhi. 


The Plants and Animals Have 
Names 


Has it ever occurred to you how difficult 
would be to carry on a conversation if 
we did not have names for different things? 
A word like snake at once recalls to our 
minds a particular animal; the word rose 
immediately makes us visualize the shape of 
a beautiful flower, The practice of naming 
is one of the greatest inventions of man. 
Just as it is difficult to talk about things 
without having their names, it is difficult to 
talk of any branch of biology without using 
names for the organisms. Thus we have 
names like cat, rabbit, dog, elephant, rose, 
pea, and gold mohur. However, these 
names are as variable as the people who 
use them. Thus the name for dog will 

in different languages like 
Hindi, Marathi, Gujarati, Bengali, Tamil, 
and Telugu. Not only that, the name 
of a particular organism in the same lang- 
uage also varies a great deal. Thus, the 
common names of a weed like Argemoné 
(Fig. 7.6) in Hindi are as variable as 


it 
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a common weed in 
by this scientific 
put its 


ana, 


Fig. 7.6. Argemone mexic 
our country; 
name throughou! 
vernacular name: 


Jace even in the 


to 
of the Departme 


Courtesy 
University of Delhi. 


nt of Botany, 


‘Firangi Dhatura’, ‘Pila Dhatura’, ‘Sial 
Kanta’, ‘Katela’, «Ujar Kanta’, ‘Bharband’, 
“Kandhari’, ‘Satyanasi Buti’, etc. These 


names are known only to 4 few people and 
, restricted use- They 


are therefore of very 


The classi fication 
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are comparable to the nicknames of the 
people, which are used only by some of their 
acquaintances. Moreover, common names 
are often misleading and the same name 
applied to entirely different 
different parts of the world. 
the name ‘corn’ may mean 
any miscellaneous cereal 


may be 
organisms in 
For instance, 
wheat, maize or 
If scientists wish to refer to a parti- 
cular organism, they resort to scientific 
names which are widely recognized through- 
out the world and are given in accordance 
with a plan laid down by Linnaeus. A 
scientific name consists of two parts: the 
first part is the generic name, and the 
second is the specific name. Thus the 
scientific name of cat is Felis domestica, that 
of tiger is Felis tigris, and that of orange is 

This system of giving two 


Citrus reticulata. 

es to an organism is called the binomial 
Such names also give an idea 
d to each 


tiger and 


crop. 


nam 
system. 
that the different species are relate 
other. Thus, the names of cat, 
lion (Felis domestica, Felis tigris and Felis leo 
respectively) clearly show that these 
three species are related to each other. 
The peculiar thing about these names is 
that the specific name of the individual 
comes second while the group or generic 
name comes first, like the names in a tele- 
phone directory, where Anil Sharma is 
written as Sharma Anil. When you read 
through the pages of this book, you will 


of five different organisms 


Table 71. 
PARDEE e 
—— a = = ce 
Animal Animal Animal 

Ki lant Plant £ a 
ee 5 ^ matophyta Spermatophyta Chordata Cherdata Chordata 
Clas ae ni jospermae Angiospermae Mammalia Mammalia Mammalia 
was ae Glumiflorae Carnivora Carnivora Primates 
Family Rutaceae Gramineae po a ne 
Genus Citrus Onza ie 1 omo 

reticulata saliva familiaris domestica sapiens 


Species 
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come across many scientific names printed 
in italics. It is not necessary for you to 
always quote scientific names in your every- 
day conversation but when you wish to 
write the results of your experiments on 
a certain organism, to some other biologists 
in a different part of the world, you have 
to be definite about the organism so that 
the biologist does not understand you 
wrongly. The scientific name of the organ- 


ism is to be preferred in such cases. You 
might ask why these names sound so une 
familiar and difficult to pronounce. This 
is because at the time when first scientific 
names were given Latin was the most popu- 
lar and scholarly language. Accordingly, 
Linnaeus used Latin for coining them. The 
special advantage of using this language 
is that unlike others it does not change from 
time to time. It is a dead language. 


SUMMARY 


With a few exceptions all living things 
are either plants or animals, They have 
certain common characteristics like the 
presence of cellular structure and an ability 
to grow and reproduce. Higher plants 
and animals are easily distinguished from 
one another. However, the lower forms 
are not easy to distinguish. Perhaps the 
most constant feature of plants is that 
their cells have well-defined walls made of 
cellulose. On the other hand, the cells of 
animals have only plasma membranes, 


There are no less than two million kinds 


of organisms on the earth. For the conven- 
ience of proper study and for indicating rela- 
tionships between the organisms, biologists 
have grouped them into different categories 
on the basis of similarities and differen- 
ces. Organisms are grouped together 
first into a kingdom and then into 


phyla, orders, classes, families, genera and 
species, 


Like all other things 


also have names, Biologists use scientific 
names because these are definite 
constant throughout the world. 


plants and animals 


and 


QUESTIONS 


Supposing you came upon a tiny piece 
of material of biological origin. How 
would you decide whether 


1 it was 
derived from a plant or an ani 


mal ? 


2. Which of the following items is charac- 


of animals, or of 


Small cells, 
Cytoplasm. 


Sexual reproduction, 


a 
b 
c. Cellulose walls, 
d 
e. Vacuoles, 


3. What is the advantage of having a 
System of classification of organisms? 

4. What is the basis of modern classifica- 
tion? 

5 Whatis the advantage of using scientific 
names instead of common or popular 
names? 

6. What do you understand by the term 
Species? 

7. Why has Eu 


glena been classified as a 


plant as well as an animal? 
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CHAPTER 8 


The Major Plant Groups 


HEN we speak or think of plants we 
usually associate them with flowers, 
but there are thousands of plants 

which do not produce any flowers. Some of 
them are so small indeed that you cannot 
sce them with the unaided eye. A knowl- 
edge of their structure and reproduction 
was acquired only after the invention of the 
microscope in the 17th century. Broadly, 
plants are divided into four major divisions 
or phyla: Thallophyta, Bryophyta, Pterido- 
phyta and Spermatophyta. We shall now 


have a brief excursion through all these 
groups of plants, 


POND SCUMS, MOULDS 
AND BACTERIA 
(PHYLUM THALLOPHYTA) 


You will be surprised to learn that there is 
a vast assemblage of plants whose bodies 
are not differentiated into 
and leaves. Botanists call t 
phytes (Gk. thallos=a 


has no root, stem and leaves; phyton= 
plant). Their bodies are called thalli 


( singular — thallus ). Thallophytes are 
believed to be among the first plants which 
originated on the earth. By gradual elabora- 
tion and modification, in a span of millions 


roots, stems 
hem thallo- 
young branch that 


n l l 


i n 
of years, some of these plants have giver 


rise to the diverse variety of plants that we 
see today. 


3 5 DEEA s 
Biologists separate these primitive plant 


into four groups—Algae, Fungi, Lichens and 
Bacteria. 


Algae 


You must have noticed that the water i? 
a pond is sometimes covered with a gree? 
or bluish green scum. You probably thought 
that the water was contaminated. May be 
you were right; but if you were to examine 
a little of this scum under‘a microscope, yoy 
would be wonderstruck at the indescribable 
beauty of some of the forms contained in it 
Most of these beautiful forms are algat: 
They are found both in freshwater as W° 3 
as in the sea, on damp soil, in the va 
of hot springs (85°C), and even in snow: 


Algae may be unicellular or multicellular 
(Fig. 8.1). If unicellular, they may t) 
motile (ie, capable of free mare 
or non-motile. Many unicellular forms 5 
together in small colonies or irregular mas ts 
The multicellular ones may form flamer 
plates of tissue, or rarely they may we 
bodies with stem-like and leaf-like struct™ 
aS seen in some seaweeds, 
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Fe 
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PLEUROCOCCUS LAMINARIA SARGASSUM 


Algae—the simplest of green plants. Courtesy of the Department of Botany, 


Fig. 8.1. 
University of Delhi. 

contain chlorophyll in their 
cells, and hence they can manufacture their 
hy ain seaweeds own food from simple substances just like 
a ain a length of nearly @ hundred @ pea plant. In many types the green 
ees Their bodies are supported by the colour is hidden by other pigments. Thus 
E water so that they can hold themselves there may pë blue-green, brown, red ee 
erect in spite of the absenc® of woody tissues sometimes even purple algae. 


A m them. 


an alga does not All algae 


Since the body of 
it cannot grow to a 


Possess a woody stem, 


Breat height. However cert: 
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Fungi 


In the rainy season we often find a whitish, 
hairy or cobweb-like growth on a piece of 
stale bread left carelessly in a corner. You 
might also have observed a greenish powdery 
growth on a wet pair of shoes stored in a 
shoe rack, and during your morning walks 
you might have sometimes sighted white 
or pink umbrella-like structures growing 


Departmen 


on waste lands. All these forms are called 
fungi (singular—fungus). They do not have 
chlorophyll and hence they cannot manufac- 
ture their food themselves. They live either 
as parasites on other living organisms or 
as Saprophytes on decaying organic matter. 
Among the commonest of the fungi are the 
yeasts. An yeast plant is a single, rounded 
cell, too small to be seen without a micro- 
scope. Like bacteria, the yeast cells float 


w= = = 


e TĀ ~ A 
IVANY 
SA ary 


Note that except in yeast, 
the reproductive bodies 
ccur within soil or other 
beh Botany, University of Delhi. 


Only 
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about in the air and if they happen to fall 
in a sweet liquid medium, they multiply 
very rapidly and bring about its fermenta- 
tion. These are the plants that are used 
for making wines and baking bread. The 
plant body of most other fungi or moulds, 
as they are popularly called, is usually in 
the form of a number of branching threads 
jown as a mycelium 
(plural—mycelia). The individual threads 
are known as hyphae (singular—hypha). 
Fungal hyphae may be so closely intertwined 
as to form large masses of a definite form 


forming what is ki 


such as the mushrooms, puffballs, morels, 
Bracket fungi and the like, (Eig 82050 
a fine 


you happen to break a puffball, 
‘dust’ comes out of it. ‘This ‘dust is actually 
‘es of the fungus. 


made up of millions of spor 
If the spores fall on a suitable medium they 


Start new plants. 


A} 
z 


i 
JA 


Z 
e 


Lichens 


The lichens (Fig. 8.3) form a group of 
strange plants which occur as greyish-green 
growths on barren rocks, on the bark of 
trees or on the ground. They are peculiar 
because they are composite organisms each 
consisting of an alga and a fungus living 
together in such an intimate association that 
the two appear as a single organism. ‘The 
algal cells are enmeshed between the fungal 
hyphae. As a result of this close relation- 
ship, both the organisms benefit from each 
other. The fungus absorbs a part of the 
food material manufactured by the green 
alga, and provides the alga in return 
with water and minerals. Such a relation- 
ship of mutual benefit is called symbiosis. 


Bacteria 

Bacteria are microscopic, single-celled 
organisms, often known as ‘germs’ or 
‘microbes’. They occur everywhere— 


in the air, in the food we take, in soil and in 
water. Our bodies carry millions of them. 
Bacteria were first observed by the Dutch 
lensmaker Antony van Leeuwenhoek in 
1675; but they came into prominence as a 
result of the work of Louis Pasteur and 
Robert Koch who showed that certain kinds 
of bacteria are the cause of many diseases 
in man and animals. They are the smallest 


organisms known; being about 0.5 to 3 


The lichens are composite organisms 
made up of an alga and a fungus and 
grow on barks and twigs. The lichen 
here is Usnea florida abundantly found 
in Mussoorie. Cousrtesy of the Depart- 
ment of Botany, University of Delhi, 


Fig. 8.3. 
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EBERTHELLA TYPHI SPIRILLUM 


- microns in length or diameter. 
cells have mainly three sha 
rods or spirals (Fi 
little hair- 


Bacterial 


pes—spheres, 


g- 8.4). Some cells bear 
like processes calle 


d cilia. By the 
beating of the cilia they can move about 
in water. As a rule, ‘they do not contain 
chlorophyl 


l and are therefore un 


able to 
prepare food from simple substance 


S. 


form of one or mo 
lacks vacuoles. 


BACILLUS SUBTILIS 


i A 
S 


VOLUTANS TREPONEMA PALLIDUM 


THE MOSSES AND THE 
LIVERWORTS 
(PHYLUM BRYOPHYTA) 


After some showers of rain, old fenn 
walls, gutters, trunks of trees, and even the 
ground are often covered with a brigh 
sreen Carpet. From a distance this aPh Ge 
like the algal scum in a pond but ona oe 
observation you will find that it consis 
small green plants made of tiny stems ang 
leaves. These are the mosses (Fig: ee 
You Can easily Strip them from the aan 

cause they have no roots, but only ™ 


ranched threads called rhizoids cho! 
rhiza=root; eidos=form) which ants 
them to the ground. Some of the P, 


may show lon 
them, Each 


{ro 


g slender stalks growing pore 


; S 
stalk ends in a swollen 
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Fig. 8.5. A patch of mosses. Note the 
long, slender stalks bearing 


the capsules or spore sacs. 
Courtesy of R.N. Chopra, Depart- 


ment of Botany, University of 


Delhi. 
ule which is full of spores. 


Case or caps 
discharged and begin 


These are eventually 
the growth of new plants. 

Related to the mosses are some other 
tiny plants called liverworts. Most of these 
are also similar to the moss plants in having 
slender stem and tiny leaves but some are 
entirely different in that they have no stems 
and leaves. ‘These grow in spreading patches 
of green, forked, ribbon-like structures 
(Fig. 8.6) lying flat on moist ground. They 
are specially conspicuous on hill stations, 
where moist shady slopes are covered with 
them. Rhizoids are given off from their 
undersurface which attach them rather loosely 
to the soil. The mams liverwort refers to 


the resemblance of some of them to, the lobes 
hytes are small 


of a liver. ‘Though bryPP : 
and simple plants and some of them a 
thallus-like bodies, they are 1 severa 
respects more highly organized than the ee 
and fungi, as will be clear from a aa e 
Study of some members in Section Il. 


f ig Vans 


A patch of the liverwort Fimbriaria 
from a moist shady slope at Pach- 
marhi. Courtesy of M.M. Johri, Depart- 
ment of Botany, University of Delhi. 


Fig. 8.6. 


Most of the bryophytes have no direct 
use for man. However, when these tiny 
plants die, they enrich the soil by adding 
organic matter and make it suitable for the 


growth of larger plants. 


FERNS AND THEIR RELATIVES 


(PHYLUM PTERIDOPHYTA) 


In contrast to the plants you have studied 
in the last two groups, the pteridophytes 
(Gk. pteris =fern; phyton=plant) have well- 
formed stems, roots and leaves with woody 
tissues. They are, therefore, more highly 
organized than the bryophytes. Water 
can be easily carried to different parts 
of the plant through its conducting tissues. 
The most familiar of the pteridophytes are 
the ferns which are grown in every garden 
for their elegant green leaves. Many ferns 


grow wild in our forests and hill stations. 


The stems grow horizontally below the 
ground while above it are seen a number of 
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LYCOPODIUM 


~ 
a nN Ee ee ss 


LE a 


SELAGINELLA 


í y 
EQUISETUM 


YS of the Pteridophyta, Courte: 
University of Delhi. 


Fig. 8.7. Some membe: 


sy of the Department 
of Rotany, 
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The youngest leaves 


feathery, green leaves. 
nroll 


are coiled like a watch-spring and u 
Some ferns have tall 


as they grow older. 
aves 


ems bearing a crown of le 
and thus look like trees. Ferns do not 
produce flowers and seeds. Instead, they 
s in brown spore cases oF 
on the underside 


columnar st 


produce spore: 
sporangia borne generally 


cf the leaves. 


Related to ferns are certain other pterido- 
(Fig. 8.7) called the club mosses 


phytes 
) and the horse- 


(Lycopo ium and Selaginella 
tails (Equisetum). 
abundant millions 


Pteridophytes were very 
of years ago and the 


8.8. The duckweeds. 


Fig. 
Courtesy of 


Wolffia is the smallest of the 
S.C. Maheshwari, Depar 
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huge deposits of coal of the world are 
derived partly from their remnants. 


THE SEED BEARING PLANTS 
(PHYLUM SPERMATOPHYTA) 


The most highly organized plants are the 
spermatophytes (Gk. sperma=seed; phyton= 
plant) or seed plants. As the name indicates 
they all produce seeds. In this group are in- 
cluded practically all the familiar plants you 
The grain crops, the vege- 


see around you. 
your garden, the 


tables, the flowering plants in 


flowering plants. 
tment of Botany, University of Delhi. 
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fruit trees, the tall trees in the forest—all 
belong to this group. Its members may be 
very tall, or they may be as small as a pin- 
head. Duckweeds (Wolffia and Lemna) belong 
to the latter category. They grow as a scum 
in ponds (Fig. 8.8). As an example of the 
other extreme may be mentioned the red- 
woods some of which are over 100 metres 
tall (Fig. 8.10). Seed plants grow mostly 
on land, but may also occur in swamps, on 
the surface of water, or even submerged. 


Like ferns, seed plants have true roots, 
stems, and leaves; but in addition they also 
bear seeds. You will recall that a spore 
is usually a single cell, but a seed is a com- 
plex multicellular bod 


y with a tiny young 
plant inside it. 


There are two types of seed plants. In 
one, the seeds are not enclosed within any 
covering’ but stand freely exposed. Such 
seeds are called uncovered, 


and plants 
that bear such seeds 


are known as 


gymnosperms (Gk. &ymnos—=uncovered, 
Sperma=seed). The pines, the cedars 
(Fig. 8.11), 


the sago-palm and the thujas 
are examples of this group. They often 
bear their seeds in elegant, woody cones, 
In the second main group of seed plants, 
however, the seeds are enclosed in a case 
or covering which forms the familiar fruit, 
Plants with such enclosed seeds are known 
as angiosperms (Gk. anggeion—a case or 
vessel; sperma=seed) or plants with en- 
closed seeds, They are also called flowering 


plants since all of them Produce flowers of 
some sort. 


The angiosperms in turn 


are divided into 
two groups. If you break 


Open a soaked 
l find two large, 
which is sand- 


Plants whose seeds have two cotyledons 
are known as dicotyledons. The date 
seed, on the other hand, has only one 
cotyledon. Grasses too, have one coty- 
ledon (Fig.8.9B). Such plants are 
known as monocotyledons. You can 
also tell a monocotyledonous plant (monocot, 
for short) from a dicotyledonous one (dicot, 
for short) by looking at their leaves. The 
veins on the leaves of monocots run parallel 
to one another (parallel venation). In the 
leaves of dicots the veins form a network 
(reticulate venation). Other differences 


between monocots and dicots will be enu- 
merated later. 


cotyledons 


endosperm 


Fig. 8.9. A. Parts of a bean seed. The seeds 


of dicotyledons have two seed-leaves 
er cotyledons which may serve to 
Store food for the growth of the 
embryo. B. Longitudinal section of a 
maize ‘seed’. The seeds of the mono- 
cotyledons have always one cotyledon. 


Courtesy of the Department of Botany, 
University of Delhi. 


LOWER AND HIGHER PLANTS 


In Section II and elsewhere in the book 
you May often come across the expressions 
lower plants’ and ‘higher plants’. These 
terms refer to the fact that some plants, such 
as the thallophytes and bryophytes have a 
less elaborate Organization than the others, 
namely Pteridophytes and spermatophytes. 
The less elaborate ones are at a lower stage 
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of evolution. They are said to be primitive, 
i.e. they are more like plants that lived in 
the past. The plants with a more elaborate 
are at a higher stage of evolu- 


organization 
The relation- 


tion, i.c., they are ‘modern’. 
ships between different phyla of plants are 
shown in Fig. 8.12. 


THE IMPORTANCE OF PLANTS 


Has it ever occurred to you that the pre- 
lants makes possible the very 
ls including man? 
lothing, and the 


sence of p 
existence of all anima 


The food we eat, the c 


‘tree’ shows the relatio: 


Fig. 8.12. This plant 
£ different groups- 


representatives 0 
Prentice-Hall, Inc., Englewood 


Cliffs, New Jersey, 


77 


oxygen that we breathe—all come from 
plants. The basic food for all organisms 
is prepared by green plants which alone 
possess the unique green pigment, chloro- 
phyll. In the presence of sunlight the 
plants produce sugars from carbon dioxide 
and water. These sugars are later changed 
into starches, oils, proteins and a host of 
other substances like dyes, drugs, fibres, 
erfumes and so on. In this process of food 
manufacture, oxygen is set free into the air. 
This oxygen, which we take in as we 
breathe, is essential to life. Since animals 
do not have chlorophyll, they cannot make 
food and oxygen; only the plants can 


do so. 


eves ent 


The plants shown are 
Biology Serving You, 


nships among plants. 
From C. Gramet and J. Mandel, 
1959. 
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You will perha 
the biblical Sayin, 
animals derive their 


PS now realize the truth of 
g: ‘all flesh is grass’, 


Some 
food directly from 


plants 


diesel oil 
derived, 


at least Partly, fro: ch lived 


m plants whi 
millions of years ag 


Our clothing too comes chiefly from plants 
—cotton and flax being the most important. 
Even the raw material (cellulose) for the 
so-called synthetic fibres like rayon is 
obtained from plants. Hemp, jute and 


sisal yield fibres used for making ropes and 
gunny bags. 


Besides providing these basic necessities, 
plants are also the sources of an infinite 
number of other materials (Fig. 8.14). 
To mention only a few, paper is made from 
bamboos and the wood of gymnosperms or 
even from cotton. Rubber is made chiefly 
from the milky juice of the rubber tree 
(Fig. 8.13). The beverages like coffee, tea, 
cola and wine, and sugar which sweetens 
our dishes, are all plant products. Import- 
ant drugs like quinine, penicillin and 
belladona are again the gifts of plants. To 
this long list we are sure, you can add many 
more items. In fact if you ever think of 
your activities during a day, there will be 
hardly any activity which does not involve 
plants directly or indirectly, 


Some plants, although not directly bene- 
ficial, nevertheless render silent service. 
Water Tunning down a slope often carries 
away the soil Particles, making the soil 
useless for cultivation, The roots of plants 
form a meshwork and prevent erosion. 

The non-green plants, bacteria and fungi, 
are no less important. They are the active 
agents of decay and decomposition. You 
might have so far considered decay and 
decomposition as harmful processes but 
actually they are very important. The 
Supply of molecules of each element tO 
living things is limited. By decay the bari 
materials of life are kept in circulation p 
made available for building new living sub- 


jals 
stances, Jf decay were prevented, nee 
ence incorporated into our bodies wou 
be locke 


d up permanently. 
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6 
Starc® Prote™ 


From carbon dioxide and water, 
manufacture a wide variety of substances w! 
shelter and drugs. Oxygen, so essential for all life, 
Courtesy of the Department of Botany, University of Delhi. 


Fig. 8.14. 


plants. 
Some plants make human and animal considerably. 
life uncomfortable. Bacteria cause such 
deadly diseases as typhoid, tuberculosis, 
diphtheria and plague. Many fungi also 
cause diseases in men and animals. 
Of these ringworm is the most 
common. Some fungi attack important 


crop plants and reduce their yield of men and women. 


and in the presence of sunlight, green plants 
hich are used by man for food, clothing, 
is also made available by green 
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To these material benefits and losses from 
plants you might add the aesthetic appeal 
and relaxation derived from them. 
fragrance of a rose, the flash of colours in 
the garden and the curious shapes of man 
flowers will enchant even the most Baan 


The 
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SUMMARY 


The plant kingdom is broadly divided 
into four major divisions or phyla: Thallo- 
phyta, Bryophyta, Pteridophyta and 
Spermatophyta. The Thallophyta contains 
plants which have no root, stem or leaf. 
Their bodies are called thalli and they are 
believed to be among the first plants which 
originated on the earth. Thallophytes have 
been separated into four groups—Algae, 
Fungi, Lichens and Bacteria. The division 
Bryophyta contains Mosses and Liverworts. 
Plants of this group may be either thalloid 
or have stem-like and le 
They are attached to the 
of rhizoids, 
ferns, 


af-like organs, 
ground by means 
The Pteridophyta consists of 
club mosses and horsetails. They 
have well-developed stems, roots and leaves 
with vascular tissues, but do not produce 
flowers and seeds, The most highly orga- 
nized plants are the Spermatophytes or 


seed plants. They are divided into nD 
groups: (a) gymnosperms, which bear 
naked seeds; and (b) angiosperms, whose 
seeds are enclosed in ovaries. The angio- 
sperms are divided into the monocotyledons, 
whose embryo has only one cotyledon; and 
the dicotyledons, whose embryo has two 
cotyledons. Since the thallophytes and 
bryophytes have a simple organization and 
do not possess any vascular tissue they are 
called lower plants. They are supposed to 
be primitive. The pteridophytes and sper 
matophytes have an elaborate organization 
with vascular tissues, so they are called 
higher plants and are considered to be 
more modern. Plants are of immense 
importance—they provide us oxygen, food, 
drugs, fibres, wood, and many other things. 
Animals would not survive on earth if 
plants were to disappear. 


QUESTIONS 


What would happen if al 


l the plants 
were to disappear from tt 


ne earth? 
2, What plants or 


: plant products did 
you use during th 


e last week? 


You are given an assort: 


ment of plants 
on your 


imen as: (a) 
) alga, and 


Which of the following groups of plants 
contain chlorophyll? 


a. Bacteria 


b. Algae 

c. Fungi 

d. Gymnosperms 
€. Angiosperms 
£ 


Ferns and mosses 
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CHAPTER 9 


The Major Animal Groups 


O you know that a bat is not a bird, 

a whale is not a fish and a spider is 

not an insect? To a common man 

all animals are just an assemblage of living 
things. However, when one classifies them 
according to their resemblances and differ- 
ences, they come ‘to have a different 
Meaning. Biologists have identified, named 


and described more than a million different 
kinds of animals. In this chapter you will 


have a ‘bird’s eye view’ of the various groups 
of animals so that when you look at a parti- 
cular animal you will know its position in 
relation to the others and it will have more 
meaning to you than ever before. 


Broadly speaking, there are two main 
groups of animals. The first group is that 
of the invertebrates. It includes those 
animals which have no bones in their body. 
Some of them do have a protective shell but 
this lies outside the body. To this group 
belong such animals as the ‘shankhs’ and 
cowries, insects, spiders, and corals, 
invertebrates are made of a single cell 
others have many-celled bodies, 


Some 
while 


The second grou 


brates which inclu 


P is that of the verte- 
ıdes all 


animals having 
a backbone or vertebral column together 


with other supporting bones inside their 
body. To this group belong all the familiar 
animals such as the fish, rats, rabbits 


? 


. tle 
squirrc »„ snakes, whales, monkeys, cattle, 
elephants and man. 


~ =-9----> 
po 


a= Gee 


2? --~~ 


Fig. 9.1, 


Meta, 
sini 
A. Body built on the plan ote stul 
hollow sac. B. Body built a 
within a tube’ plan. Courtesy 
thin « versity 0 
Department of Botany, University 
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FRESH WATER 
SPONGE 


K 


VENUS 
FLOWER BASKET 
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All other coelenterates live in the sea. 
A common example is the jellyfish (Fig. 
9.4) which looks something like an inverted 
‘glass cup with a fringe (curtain) hanging 
from within. Some coelenterates such as 
the sea anemones are pinkish or blue-green 
and look like beautiful flowers when they 
open out their tentacles. When in danger, 
they pull in their tentacles and appear as 


little mounds. 


There are still other forms in this phylum 
that build the coral islands. *Corals (Fig. 
9.4) are actually the calcareous (made of 
calcium compounds) skeletons secreted by 
anemone-like animals. With the passage 
of time these depositions become quite 
enormous. ' 


The Flatworms—Animals That Can 
Glide (Phylum Platyhelminthes) 


The” platyhelminths (Gk. platys=flat; 
helmin=worms) are interesting animals with 
thin flat bodies (Fig. 9.5). Most of them 


Fig. 9.4. The hollow y 


sac animals, 
; 
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live as parasites in the bodies of other 
animals but a few like Planaria occur in pond 
water. This animal has become famous 
because of the many experiments perform- 
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flatworms are the tapeworm and the liver 
fluke. The tapeworm infests the human 
intestine and may sometimes reach a length 
of over six metres. It looks like along, joint- 


D PLANARIA 


Bee 


Too 


<n BREE, 


TAPE WORM 


Fig. 9.5. The flatworms, 


ed on it by biologists. The strange thing 
about it is that if its body is cut into two or 
more pieces, each piece grows (regenerates) 
the missing part. Examples of parasitic 


ed ribbon with a small head. It is peculia” 

T that it has no digestive system of its yin 
A a 

It Simply absorbs the digested food th 


Surrounds it in the human intestine: 
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The Roundworms 
(Phylum Nematoda) 


On displacing a stone in a wet, shady 
have encountered occasional 
y coiling 


place you may 
slender, thread-like worms activel 
oiling on the surface of the soil. 


and unc 


HOOKWORMS 


The roundworms. 


Fig. 9.6. 3 
causes elephantiasis. 


ese. cand thei IOa relatives are 
grouped in the phylum Nematoda or 
Nemathelminthes (Gk. nema=thread; 

live 


Some roundworms 
r but a good many 
animals and 
9.6). Noto- 


helmin=worms). 
in the soil and in wate 
inhabit the bodies of plants, 
man and live as parasites (Fig. 


Microfilaria is the larva of the 
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rious examples of these are the hookworms 
and the so-called stomachworms. They 
cause severe anaemia (lack of red blood) in 
people infested with them. They reduce 
the vigour and enthusiasm of their hosts. 
Unlike the flatworms, the roundworms 
possess both a mouth and a hind anal 


opening. 


MICROFILARIA 


worm filaria which 


The Soft-bodied Animals 
(Phylum Mollusca) 
Most of you are perhaps familiar with 


the cowries, ‘shankhs’ and numerous other 
sea-shells of fascinating designs and colours. 
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You may have taken them to be pieces of 
Stones collected from the seabed and cut 
into cute shapes. Actually, all of these 
once contained soft-bodied animals (Fig. 
9.7) that are grouped under the phylum 
Mollusca (L. molluscus=soft). You might 
have heard of ‘devilfish’? or octopus that 
attacks the divers in the sea. This is 
also a mollusc that has no outer shell, but 


OCTOPUS 


has long tentacles studded with powerful 
suckers. Its large, cold, wicked-looking 
eyes give it a terrifying appearance. The 
smaller types are harmless but the larger 
ones can be quite dangerous even to man. 
They often soot a jet of ink into water 
to dodge the enemies. Other mulluscs in- 
clude slugs and snails which live on moist 
soil, and mussels which inhabit fresh water. 


Fig. 9.7. The Soft-bodied animals, 
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The Segmented Worms 
(Phylum Annelida) 


The familiar earthworms that crawl on 
the lawns at night, especially after the rains, 
and the leeches that some quack village 
‘doctors’ use to rid the patients of bad blood 
are examples of yet another type of worms 
(Fig. 9.8). Their body is composed of rings 
or segments—hence the name of the phylum 
Annelida (L. annulus=a_ ring; eidos= 
form). They are made on the plan of a 
tube within a tube. There is a long body 
cavity within which is located another 


by the body wall and is filled with a fluid. 
This plan of body structure is also seen in 
all the higher phyla of animals. The 
segmented worms are found in fresh water, 
damp soil and sea. Some like the leeches 
are parasitic. The earthworms swallow 
earth and decaying leaves. The part of 
the soil that cannot be digested is passed 
out as little ropes called castings. When 
the earthworms eat their way through the 
soil, they mix it quite thoroughly. The 
famous biologist, Charles Darwin, calculated 
that there may be as many as 50,000 
acre of land and may 
than 18 tons of soil 


an 
more 


worms in 
turn over 


Fig. 9.8. The segmented worms. 


tube or the digestive tract with an opening 
at either end. The body cavity 1s enclosed 


in a year! In this way they keep the soil 


fertile. 
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Animals With Jointed Legs 
(Phylum Arthropoda) 


This is the largest group of animals in- 
cluding nearly three-fourths of the entire 
animal world. There is hardly a place on 
earth that does not have some members of 
this phylum. The members of this great 


A 


COCKROACH” 


group are called animals with jointed legs 
because they have six or more legs with 
several joints in each. The biological name 
of the phylum is Arthropoda (Gk. arthron 
=joint; podos=foot). Ants, flies, bees, 
cockroaches, butterflies, beetles, spiders, 
scorpions, lobsters, crabs and centipedes 
are some of the examples (Fig. 9.9). 


BUG 


Fig. 9.9. Animals with jointed legs, 
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The arthropods have a hard outer covering 
but it is not like the shells of molluscs. 
It has articulations which allow free 
movement of the legs and other parts of the 
body. The animals have segmented bodies 
(divided into distinct sections) and com- 
pound eyes having many lenses instead of 
just one. They have, therefore, a mosaic 


vision. 


The Spiny-skinned Animals 
(Phylum Echinodermata) 


The animals belonging here have a rough 


outer covering with projections or spines, 


UCUMBER 


Fig. 9.10. The spiny-skinned animals. 


hence the name Echinodermata (Gk. 
echinos=spine; derma=covering). They are 
built like a star or a wheel and have no 
head or tail, no left or rightside. The best 
known examples are starfish, sea urchin, 
brittle star, and sea cucumber (Fig. 9.10). 


ANIMALS WITH BACKBONES 
—THE VERTEBRATES 


The animals that you have studied in the 
preceding phyla are all invertebrates, i.c., 
without backbones. The vertebrates, on 
the other hand, have a backbone made 
of several or many bone pieces called ver- 
tebrae. They all belong to one phylum, 
Chordata (Gk. chordē=chord or string). 
This phylum also includes some other types 
of animals that have only a one-piece, non- 
bony rod or notochord in the place of a 
backbone. However, such animals are very 
uncommon, hence we shall read only about 
the animals with backbones—the verte- 
brates. The vertebrates are placed as a sub- 
phylum of chordata because in their early 
growth they too have a notochord which 
later helps to form the backbone. 


Phylum Chordata 
(Subphylum Vertebrata) 


Unlike the arthropods and the molluscs 
which have external skeletons, the verte- 
brates have their skeletons inside the body. 
The vertebrates have larger and better 
brains than the lower animals. Nearly 
all of them have two pairs of limbs, usually 
legs and arms. Tn fish, however, there are 
fins instead of limbs; in birds there are legs 
and wings; in whales there are flippers, and 
in the snakes there are no limbs at all. The 
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vertebrates are the animals with which you 
are most familiar—fishes, frogs, salamanders, 
lizards, snakes, birds, crocodiles, turtles, 
and all the hairy 


animals such as man, 
monkey, 


elephant, lion, cow, 


cat, 
rabbit, and rat (Fig. 9.1 1). 


dog, 


Fig. 9.11. The vertebrates, 


The animal parade that you have seen 
illustrates one important fact: that in spite 
of the obvious differences between different 
types of animals, there are some basic simi- 
larities which help us group them as we did. 
For the first time in 1857 the famous biologist 


The vertebral column is shown in only two representatives. 
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SUMMARY 


More than a million types of animals 
have been described and named by biologists. 
They range in size from organisms that are 
visible-only through the microscope to giant 
organisms such as the whales which may be 
over 30 metres in length. 


Broadly speaking, animals can be group- 
ed into two main subkingdoms—the inverte- 
brates and the vertebrates. Depending 
upon their body plan they have been further 
classified into the following ten phyla: 


Invertebrates 


1. Phylum Protozoa—The first animals, 
mostly microscopic, aquatic and uni- 
cellular. 

2. Phylum Porifera—Multicellular animals 
with skeletons of lime, cells of the body 
not much specialized. 

3. Phylum Coelenterata—Sac-like animals 
with radial symmetry and having 
tentacles with stinging hairs. 


4, Phylum Platyhelminthes—Flatworms. 

5. Phylum Nematoda — Roundworms, 
mostly parasitic, body built on ‘tube 
within a tube’ plan (this is also true 
of the subsequent phyla). 


6. Phylum Mollusca—Shell-bearing ani- 
mals with unsegmented body lacking 
true appendages. 


7. Phylum Annelida—Segmented worms, 
without jointed legs. 


8. Phylum Arthropoda—Animals having 
jointed feet, segmented body, and an 
external skeleton. 


9. Phylum Echinodermata—Spiny-skin- 
ned animals with deposition of cal- 
cium carbonate in their skin, entirely 
marine. 


Vertebrates 


10. Phylum Chordata—Animals with a 
backbone or a notochord. 


Animals provide us with food, clothing, 
leather, medicines and several other products. 
Some animals, especially the insects, lead 
a life of mutual benefit with plants. Animals 
have also been of great service to humanity 
in medical investigations. Rodents and 
inseçts cause damage to stored foods. In 
some parts of the world animals are still 
used as beasts of burden. 
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QUESTIONS 


1. Which are the simplest of the multicel- 
“lular animals? 


2. Mark the statements which distinguish 
coelenterates from other animals. 


(a) Presence of tentacles, 

(b) A large cavity with single opening. 
(c) The ability to move about freely, 
(d) Foul smell. 


(e) A tough outer skeleton, 


3. How will you distinguish earthworms 


from roundworms? 


4. What are the advantages of having an 
internal skeleton (as in the vertebrates) 
rather than an external skeleton (as in 
the arthropods and molluscs) ? 


At one time sponges were classified as 
plants. Why? 


6. Snakes and worms look very much 


alike but are placed in different phyla. 
Why? 
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